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ilFACE  TO  THE  ENGLISH  TRINSLATIOX. 


T  UNDERTOOK  the  translatiou  of  Professor  Claus' excellent 
■*-  "  Lchrbneh  der  Zoologie  "  with  a  view  of  supplying  the 
want,  which  has  long  been  felt  by  teachers  as  well  as  students 

this  country,  of  s  gixnl  elementary  text-book  of  Zoology. 

rofessor  Claus'  works  on  zoology  are  already  v,-d\  known  in 
this  country  ;  and  I  think  it  will  be  generally  admitted  that 
they  take  the  first  place  amongst  the  zoological  text^books 
of  the  present  day. 

It  has  been  decided  to  publish  the  English  translation 
in  two  volumes.  The  second  voUuue,  which  begins  with 
Mollusca,  is  in  the  press,  and  will,  I  trust,  appear  early  in 

e  autumn. 

The  German  has  been,  with  cue  or  two  unimportant 
exceptions,  closely  followed  throughout.  These  ex<ej)tious, 
and  the  few  additions  which  I  have  thought  it  necessary  to 
make,  have  in  all  cases  Ix'en  indicated  by  enclosure  within 
brackets. 

I  must  ask  the  indulgence  of  the  reader  towards  the  errors 
and  deficiencies  of  this  translatiou.  I  trust  that  they  will  be 
found  to  be  neither  numerous  nor  important.     I  have  to  thank 

r.  Heathcote  for   the   assistance    he   has  given  me  in  the 
l)orirtus  work  of  translation.    I  am  also  indebted  to  Professors 
Newton  and  Foster,  Dr.  Gadow,  aud  Mr.  \V.  Heapo  for  ad^nce 
and  assistance. 

ADAM   SED(i\VICK. 


TwNnr  CoLLERE,  Cambridoe, 

1884. 
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GENERAL     PART. 


CHAPTER    I. 

OBOANISED   AND   UKOHOANISEO   SUBSTANCES. 

In  the  world,  which  is  pereeptible  to  our  sen-ses,  we  distinguish 
between  living  organized  and  lifeless  unorganised  bodies.  The 
former  (t.e.,  animals  and  plants)  are  endowed  with  the  power  of 
movement,  and  they  remain  the  same  in  spite  of  manifold  changes 
both  of  themselves  as  a  whole  and  of  their  parts,  and  in  spite  of 
continual  change  of  the  matter  entering  into  their  composition. 
Unorganised  bodies,  on  the  other*  hand,  ai-e  found  in  a  condition 
of  constant  rest ;  and  although  this  rest  is  not  necessarily  fixed  and 
unchangeable,  yet  they  art  vjithout  thai  independence  of  moven^ent 
whieJi  manifests  itself  in  metabolism.  In  tlie  former  we  recognize  an 
organization,  a  composition  of  unlike  parts  (organs),  in  which  the 
matt«r  exhibits  its  activity  in  a  fluid  and  dissolved  form ;  in  the 
latter  we  meet  with  a  ma.ss  which  is  more  uniform,  though  as  far 
as  the  position  and  an-angement  of  the  molecules  are  conceiiied, 
not  always  homogeneouK,  and  in  which  the  various  parts  continue 
in  a  state  of  resting  equilibrium  so  long  as  the  unity  of  the  body 
remains  undisturbed.  The  matter  of  unorganised  bodies  (for  in- 
stance, of  crystals)ii8  in  a  state  of  stable  equilibrium,  while  through 
the  organised  being  a  stream  of  matter  takes  place. 

The  properties  and  changes  of  living  bodies  are  strictly  dependent 
on  the  physico-chemical  laws  of  matter,  and  this  is  recognized  more 
clearly  as  science  advances;  yet  it  must  be  admitted  that  we  are 
entirely  ignoitint  of  the  molecular  arrangement  of  the  material  ba.sis 
of  a  living  organism,  and  it  exltts  mider  conditions  the  nature  of 
which  is  as  yet  unexplained.  Tliese  conditions,  which  we  may 
designate,  as  vital  without  thereby  calling  in  question  their  depen- 
dence  on   material   proc&sses,  distinguish   organisms   from   all   un- 
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oi^rtuised  bodies.     They  relate  (1)  to  the  mode  of  origin,  (2)  to  the 
moi\e  of  mtiintenanc^^  (3)  to  the  form  imd  stnicture  of  the  orpinifsin. 

Living  bodies  cannot  be  raanufactuiwi  by  phyaico-chemiqal  means 
from  H  definite  clieinical  mixtui-e  under  definite  conditions  of  warmth, 
pressure,  electricity,  etc.  ;  their  existence  iHtlier  presupixise-s,  accord- 
ing to  our  experience,  the  existence  of  like  or  at  least  very  similar 
beings  fit)m  which  they  have  originated.  It  appears  that,  in  the 
pre'Jpnt  state  of  our  knowledge,  there  is  no  evidence  to  show  that  an 
independent  abiogeuetic  genersition  (generatio  aquivoca,  spontaneous 
general  iou)  actually  takes  place,  even  in  the  simplest  and  lowest  forma 
of  life;  although  very  recently  some  investigators  (Pouchet)  have 
^een  led  by  results  of  remarkalile  but  equivocal  experiments  to  the 
•opposite  view.  The  existence  of  the  generntw  irr/nirocfi  would  offer 
a  very  important  ser\-ice  to  our  contention  for  the  physico-chemical 
expl.ination ;  it.  rrni  app«ar»  to  Ite  a  n«ef«»iry  po»tuint«  in  onlrr  to 
^txpUiin  tin  first  iippe<iraiu'«  of  org'vii*m«. 

The  second  anil  most  imiKirtant  chiuiu'teristic  of  organisms,  and 
tluit  on  which  the  very  maintenance  of  life  depends,  is  their  mttnfiolie 
poinrr,  i.e.,  the  power  which  they  possess  of  continxially  using  up  and 
renewing  the  matter  corajKising  the  body.  Every  phenomenon  of 
gi^iwth  presupposes  the  reception  and  change  of  material  constituents; 
every  movement,  secix'tion,  an«l  manifestjUion  of  life  ile[iend  on  the 
e.xchange  of  matter,  on  the  breaking  down  and  buihling  up  of 
ohemietl  compounds.  On  this  alternating  destnictiou  and  renewal 
of  the  combinations  of  the  boily  substance  two  pi-ofK-rties  necessary 
to  living  things  depend,  vie.,  the  rceeption  of  food  and  esvrelion  of 
trtuitK  prf>diu;t». 

It  is  the  organic  substances  (so  called  on  account  of  their  occtirrence 
in  organisms),  i.e.,  the  ternary  and  rjuatemary  carbon  compounds  (the 
former  composed  of  wirbon,  hydrngen,  and  oxygen,  the  latter  of 
these  with  the  addition  of  nitrogen,  and  among  the  latter  are 
included  the  albumins)  which  undergo  the  exchanges  chai-ncterising 
metabolism ;  they  either  (in  animals)  break  up  under  the  influence 
of  oxidation  into  sulwtances  of  simpler  composition ;  or  (in  plants) 
arc  built  up  by  ."iulistitiition  from  simpler  inorganic  substances. 
But  just  as  the  general  fundamental  properties  (elasticity,  weight, 
poriviity)  of  organisms  agi-ee  so  closely  with  those  of  inorganic  bodies, 
that  it  was  j>os>ilile  to  construct  a  general  theory  of  the  constitution 
of  matter,  so  all  the  elements  (fundamental  suljstances  which  differ 
(|Uttlitntively,  and  are  chemically  incapable  of  further  simplification) 
of   organic  matt«»r  are  again  found  in  inorganic  nature.     A  \\\m\ 
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element,  i.e.,  an  elemt- nt  peculiar  to  organisms  no  more  exists  thnn 
Joes  >i  vital  force  working  independently  of  natuntl  and  material 
processes.  Also  with  referenee  to  the  method  of  amingement  of  the 
atoms,  cryanic  nml  inurganic  miitgUmcvs  hav.  Ixten  'rrmteoiuly  put  in 
*hnrp  contrast:  and  the  whole  of  the  carlwn  coinjiounds  have  been 
contemplated  as  the  products  of  organisms  only.  Now,  however,  it 
shown  for  some  time  not  only  thiit  the  atomic  arrangement 
stitution  of  both  are  explained  by  the  same  lawn,  but  aUo 
that  a  great  many  of  the  former  (urea,  alcohol,  vinegar,  sugar)  can 
be  artiljcially  built  up  by  synthesis  from  their  elements.  TheNe 
facts  point  to  the  probability  that  many  other  organic  substances 
will  be  synthetically  produced,  and  among  them,  albumin  ;  and  they 
altw)  permit  us  to  cionclude  that  in  the  origiruition  of  organised  botlies 
the  same  forces  were  in  action  which  are  suftifient  for  tlie  formation 
of  unorganised  bodies.  The  fiuiction»  peculiar  to  orgsinisms,  viz., 
meta>>oli8m,  movement,  growth,  are  accordingly  to  he  referred  to  the 
profierties  of  the  chemical  comjwunds  {lomfMising  them,  and  pmticu- 
larly  to  the  complii-ate<l  mohvular  aniingemeut  of  living  matter. 

Nevertheless,  this  important  property  of  living  things,  viz.,  meta- 
bolic action,  may  under  certain  ci^nditions  be  temporarily  suppressed, 
without  thereby  depi-iving  tlie  orgnnism  of  the  p<jwer  of  exi.st^nce. 
By  removal  of  water  or  of  heat  it  is  possible,  in  tlie  case  of  many  of 
the  lower  organi.nms  and  their  germs,  to  suspend  the  vital  processes 
for  months  and  even  years;  and  then  to  restore  the  apparently  life- 
less body  to  the  full  excerci.se  of  its  vital  properties  by  the  simple 
nddition  of  water  or  warmth  (eggs  of  Apns,  Ostnuxxla,  Anguillula 
tritici,  Rotifera^fi-ogs,  water  insects,  plant  seeds). 

PinuJly,  the  living  liody  is  distinguisheil  by  its  entire  form  and  by 
the  mniiner  in  which  its  various  parts  are  connected  together ;  in 
other  words,  by  its  orgimization.  The  fonn  of  a  crystjil,  the  in- 
organic indi\'idual,  is  unchaugenble,  and  is  bounded  Viy  straight  lines 
meeting  at  determined  angles,  and  by  yilane.,  rarely  spherical  sui'faces, 
which  are  capable  of  matheniatical  exprew;ion.  The  shape  of 
orgjinisms,*  on  the  other  hand,  in  cm-seijuence  of  the  semifluid  con- 
aistency  of  the  material  composing  them,  is  less  sharply  determinable 
and  is  within  certain  limits  variable.  Life  miujifests  itself  a*  a  con- 
nect'ed  .series  of  ever-changing  states ;  and  the  movements  of  matter 
■re  accompanied  by  growth  and  change  of  form. 


•  The  fart  tJmt  there  nre  a  nnnilier  fif  solid  excretion  productn  of  firganirais 
(shells)  whose  fomi  is  niathem«li«illy  dftcrminHtile  dneg  not  of  course  annul 
thi«  distinction. 
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Tlie  organism  commencing  ns  a  Mimple  L-ell,  the  egg  or  gi<iui, 
develops  by  h  gmiJuul  pI-oce^«  of  diifei-entiution  iind  chanj^e  of  its 
parts  up  to  u  definite  point  at  which  it  has  the  powor  of  reproducing 
itself  J  tiniilly  it  die-';,  and  Vii'ealo*  up  iut-o  its  elements.  The  gi-eater 
part  of  the  suhst^ince  compiosing  ovgauise<l  iKidies  Ls  moi-e  or  less 
semifluid  luid  liable  to  onmotic  action, — u  condition  which  appeal's 
to  lie  neees-saj'y  Ixith  for  the  cjinyiug  on  of  chemical  changes  (corjwm 
iwn  ayiint  nisi  aoltUu),  and  for  the  modification  of  the  entire  form  ot 
the  organism  ;  it  ia  not  however  homogeneous  and  uniform,  liut  is 
■  composed  of  solid,  .semifluid,  and  fluid  parts  which  exist  as  com- 
itions  of  elemeuts  of  a  peculiar  form.  Crystals  do  not  pos.sess 
heterogeneous  units  sulHn'dinate<l  to  one  another,  which,  like  the 
organ*  of  living  bodiftt,  nerve  (ut  ijistrii.ni.eii.ts  for  the  j>er/orni<tiu:e  of 
different  finictioiis,  hut  are  oom(x>sed  of  molecules  of  similar  atomic 
constitution ;  the  absence  of  unifortuity  in  their  structure  in  dirfer- 
ent  dii'ections  (planes  of  cleavage)  being  due  to  the  arnuigemeut  of 
the  molecules,  and  not  to  any  dili'erence  in  the  molecules  them.selvet^, 
Or^MTU  again  prove,  ou  examination  of  theii'  finer  structure,  to  be 

,~,       built  up  of  dirt'erent  part* 

ir.r^'i  ^fy>-  ill    "'"    '^ '**"'"'*    (organs    of    a 

"'    1  Ih^-?-'-5  /f^!j^     lower    order),    and     these 

"■     x?,-r!^'  %^y       *     again  are  comjMJsed  of  the 

Fis.  l— .1,  youuff  ov»  <.f  a  Medojia;  »,  motlier-wlU    ultimate    unit    of    cell,    the 
f  •permaioion  of  » Vi'nelimK  ;  nue  of  ihem  prf-    g^/J^      Thf:  Cell      last   of   alL 
jacetHn<1  mOTemetit. 

is  to  be  tnice<l  l»u-k  to 
the  genu  cell  (ovum,  spermoblast)  (fig  1.) 

'Die  cell  by  its  properties  stands  in  dire<rt  contnist  to  the  crystal, 
and  potentially  possesses  the  properties  of  the  li\'ing  organism.  It 
con*ists  of  a  small  lump  of  a  neinifui/l  ullmniiiums  suhstmice  {proti}- 
ftkurm),  contniiiinij,  <is  a  rule,  o  dtnsi  ur  veaiailar  Ktructtire,  Uie 
n>ieleiis,  and  i-<  fre(|uently  suiTOunded  by  a  ])eripheral  structureless 
membnine.  If  the  Utter  is  not  developed,  the  ]>resence  of  life  is 
lndicate<l  by  a  more  or  less  ]iit>nounced  ama;lx>id  movement,  the 
fluid  protoplasm  sending  out  and  <lniwing  in  processes  of  a  continually 
changing  form. 

In  thi.-<  ovganisetl  fundjimental  structure,  from  which  all  tissues 
and  organs  nf  animals  and  plants  are  developed,  lie  latent  all  the 
duirsicters  of  the  organism.  The  cell  is,  tiiei'efoi'e,  in  a  certain  sense 
the  tir.-4t  form  of  the  orgauisra,  and  indeed  the  simplest  organism. 
While  its  origin  points  to  the  pre-existence  of  cells  of  a  simibir  kind, 
its  main tenn nee  is  j-endered  jjossiWe  bv  metulmlism.     The  cell  has  its 
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nourishment  and  excretion,  its  growth,  movement,  change  of  form, 
and  reproduction.  With  participation  of  the  nucleus  it  begets  by 
division  or  endogenous  cell  formation  new  units  like  itself,  and 
furnishes  the  material  for  the  construction  of  tissues,  for  the  for- 
mation, growth  and  change  of  the  body.  With  justice,  therefore,  is 
the  cell  recognised  as  the  special  embodiment  of  Ufe,  and  life  as  the 
activity  of  the  cell. 


Fis.  2.— Amoe))a  (Protogenes)  porrecta  (after  Uax  SchultzeX 

Nor  is  this  conception  of  the  significance  of  the  cell  as  the  criterion 
of  organisation  and  as  the  simplest  form  of  life  contmdicted  by 
the  facts  that  the  nucleus  also  sometimes  fails  (so-called  cytodes  of 
Hieckel),  and  that  bodies  undoubtedly  manifesting  vital  phenomena 
are  known  which  are  structureless  under  the  highest  power  of  the 
microscope.  Many  Schizomycetes  (Micrococcus)  are  so  small  that 
it  is  difficult  to  distinguish  them  in  some  cases  from  the  gi-anules 
of  precipitates,  especially  when  they  show  only  moleculai-  motion 
[Brownean  movements]  (fig.  3).  Consequently/,  the  living  protoplasm, 
with  ita  unknovan  molecular  arrangetnent,  is  the  only  absolute  test  of 
At  M0  €md  organism  in  general. 

While  ^preciating  the    essential    differences  which    have   been 
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expressed  in  the  above  tlisciissiou  of  the  properties  of  living  thuigR 
and  uuorgauised  Ixidies,  we  must  not  iu  oiu-  criticism  of  the  i-elationa 
between  them  Jose  sight  of  the  fact,  that  in  uumei-ous  lower  forms  1 

of  life,  metabolism,  and  all  the 
activities  of  life  can  be  couipletely 
suppressed  by  the  remo\-al  of  ] 
wanutli  and  water,  without  tlii'i-e- 
li_v  iujui-iug  the  cajwu-ity  of  the 
organism  for  continuing  to  live;! 
and  further,  that  in  the  smallert 
organisms,  which  are  pi-oved  to  be 
such  by  their  capacity  of  i-epi-o- 
ducing  themselves  by  their  lueta- 
bolism,  and  it  ia  impossilile,  by 
means  of  the  veiy  strongest  jmwere 
of  the  microscope,  to  detect  any 
orgiiuiziition.  Since,  moi-eovw,  the 
oi-ganic  matter  composing  such 
foiTus  consist  of  combinations 
which  can  be  pi-oduced  by  synthe- 

rt*.  8.-Bchi.o..tf«t«.  (»fi«r  r.  c^ihn).    «8,  independently  of  organization, 
a,  iHcrococciu ;  t,  Uu-iuiiuu  torm.j.     we  must  allow  tluit  hvixithesis  a 

BRnenn  (iiiiuil    in    ijulrefrlng  bodiM  .       .        .^        .  ,'.  , 

iKUii  ill  motile  una  zbojtM  form.  cei-tom  jusUfioation  which  osseits 

tluit  the  sim]ilest  forms  of  life 
have  been  develope<l  from  unorganised  matter,  in  which  the  same 
chemical  elementb  occur  tn  are  found  in  organisms. 

Since  no  fundamental  diH'erence  has  been  shown  to  hold  between 
the  matter  and  foix-e  of  ciyslals  and  those  of  organized  lieings,  we 
might  look  upon  the  tii-st  apjieai-ance  of  life  as  essentially  only  the 
solution  of  a  difficult  mechauicul  jtrobleni  (with  Du  Bois  Ilejinond), 
were  we  not  obliged  to  couclude  that  thei-e  is  present  even  in  the 
simplest  and  moft  primitive  organisms  the  geiius  of  seuMition  and 
con.sciousness,  attributes  which  we  cannot  regai-d  ns  simply  the  i-esults 
of  the  movement  of  matter. 
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CHAPTE1{   11. 


ANIMALS   AMD    PLANTS. 


The  diviidou  of  living  bodies  into  animaU  and  plants  recitti  on  a  serieis 

oT  ideas  early  impressed  on  our  mind.'>.     In  animal:;  we  observe  fi-ee 

lovemeuts  and   independent   manife^tiitioa.s   of   life,   arising   from 

utemiil   states  of   the  organism,  which   point   to  the  existence  of 

sn^ciousnesfs  and  sensation.     In  the  majority  of  plants,  which   ])hs& 

lieir  lives  tixed  in  the  earth,  we  mis?  locomotion  and  independent 

Ptivitiea  indicative  of  sensation.     Therefore  we  ascribe  to  animals 

voUmbiry  movement  and  sensation,  and  also  a  mind  which  is  the  seat 

of  these. 

Nevertheless  thette  conceptions  apply  only  to  a  proportionately 

ow  circln  of  organisms,  viz.,  to  the  highest  animals  and  plants. 

With  the  pro^-ess  of  experience,  the  conviction  is  foi-ced  upon   us 

liat  the  tnulitioual  conception  of  animals  and  plants  needs,  so  far 

science  Ls  (»ncerned,  Ui  be  modified.     For  although  we  tiud  no 

ilfiirulty   in   distinguisliing   a   vei-tebmte  iiuimu!    from    a  piiauei"0- 

iou.-<  plant,  stQl  our  conceptions  do  not  suffice  when  we  come  to 

I  simpler  and  lower  forms  of  life.     Theiti  are  numerous  instances 

tlie  lower  animals  in  which  power  of  locomotion  and  distinct 

igns  of  sensation  and  consciousness  are  absent :  while,  nn  the  other 

tnd,  there  are  plants  which  passess  ii-ritability  and  the  jHjwer  of  fi-ee 

ovement.     Accordingly  the  properties  of  nninialtj  and  plants  have 

lie  comjure^l  more  clasely,  and  at  the  same  time  the  (jiiestiou  ha.s 

lie  discussed,  whether  there  are  any  alisolute  disLinctivi-  cliaiueters 

which  sharply'  separate  the  one  kingdom  from  the  other. 

1 .  In  their  entire  form  and  onjaiiiziUion  there  seems  to  Ije  au 
itial  contrast  between  animals  and  plants.  Animals  possess  a 
imber  of  internal  organs  of  complicated  structure,  loflged  within  a 
iipact  outline  ;  while  in  pLints  the  nutnti\'e  and  excj-etory  orpins 
spreiul  out  lus  exterujil  iipjieiidages,  with  a  considei-able  superficial 
ension.  In  the  one  case  there  is  found  an  inner,  and  in  the  other 
outer  position  for  the  absorbent  surface.  Animals  have  a  mouth 
the  entry  of  solid  and  fluid  nutritive  matters,  which  are  digested 
ud  absorlied  in  the  interior  of  an  alimentary  camd,  into  which  ojien 
trioas  glands,  (saliN'aiy  glands,  liver,  pancreas,  etc).  The  useless 
olid  remains  of  the  food  pass  out  through  the  anus  as  faeces, 
le   nitrogenous  waste    mateinid    is  excreted    by   n  special   urinury 
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organ  (kitlucy),  mostly  in  u.  Hiiid  foim.  For  the  movement  and 
circulation  nf  the  fluid  cai-rying  the  absorbed  nutriment,  thei-e  is  a 
pulstitoi-y  pump  (heart)  and  a  system  of  blood  vessels,  while  i-espira- 
tion  is  usually  ouried  on  in  teiTestrial  animals  by  lungs,  and  in  aquatic 
auuuHls  by  gills.  Finally,  animals  possess  internally  jjlacetl  genenitive 
organic,  and  a  neiTouh  system,  and  sense  orgnn.s  for  the  pix>duetion 
of  sensation. 

In  pliints,  on  the  contrary,  the  vegetative  organs  have  a  much 
iiiuipler  form.  Root8  sJerve  to  absorb  fluid  nutriment,  whUe  the 
laives  act  as  respiratory  and  lU'^similating  organs,  taking  in  and  giv- 
ing nut  ga»,  The  coraplicstted  sy .stems  of  organs  found  in  auimids 
are  absent,  and  a  moix»  uniform  parenchyma  of  cells  and  vessels, 
in  which  the  sap  moves,  composes  the  hotly  of  plants.  Tlie  gener- 
ative organs  also  are  jiiaced  in  external  a])penilii^'e->^,  iind  there  ore 
no  nervous  and  sense  organs. 

Nevertheless,  the  above  mentimiod  ditlerence*.  me  nut  universally 
found,  but  mlher  hold  only  for  thx  higher  auimals  and  plmitn,  and 
gradually  disap{>eiar  with  the  simpUlication  of  the  organization. 

Even  among  vertebrates,  iind  still  more  is  it  the  case  amongst 
moUusca,  and  the  lower  segmented  nuimals,  the  respirntoiy  an<l 
Vascular  (jrgaji.s  are  considenibly  simplilied.  The  lungs  or  gills  may 
fail  as  sfiecial  organs,  and  be  replaced  by  the  whole  outer  surface  of 

the  body.  The  blood  ve-sels  ore 
simplified,  and  sometimes  they  and 
the  heart  are  absent,  tlie  blood  being 
niove<l  in  tnore  iri>eg\ilar  streams  in 
the  tiody  cnvity  and  in  the  wall-less 
sjjaces  in  the  organs.  .Similarly,  the 
digestive  organs  are  siniplifiCKl ; 
salivary  glands  and  liver  may  no 
longer  be  fotind  ns  glandular  apjHsn- 
dage«  of  the  alimentary  canal.  The 
alimentwy  canal  may  become  a 
blind,  branche<l,  or  simple  sac 
(Treniatoda),  or  a  central  cavity, 
the  walls  of  which  are  in  contart 
with  the  Ixxly  wall  (C'celenterata). 
The  mouth  ami  alimentary  utnal 
may  also  fail  (C'estodes),  nourisli- 
ment  being  taken  in  by  o&mosis 
through  the  outer  walls  of  the  IkkIv  as  in  plants.     Finally,  nerves 
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sense  organs  are  totally  absent  in  many  organisms,  which  are 
oked  upon  as  uninials,  e.g.,  in  the  whole  of  the  Protozoa. 
With  such  reduction  of  the  internal  organs  it  is  easy  to  understand 

that    the    simpler      lower 

animals,   such    as   colonies 

of  polyps  and    the    Sipho- 

nophnro,  should    oft«n   in 

their  outer  appearance  and 

the  manner  of  their  growth 

resemble  plants,  with  which 

they    were    formerly   con- 

foonded,    especially    when 

they    at    the    same     time 

lacked  the  power   uf    free 

locomotion     (Polyps,    Ily- 
figH,  4,  5),    In  these 
it    is  as   difficult  to 

apply   the   idea  of   "indi- 
viduality "  as  it  is  in  the 

vegetable  kingdom. 

2.  Between,  aniiiuij  and 

vegetabU  tUmut  there  exiirts 

also  generally  an  important 

different.      While   in  the 

vegetable  tissues  the   cells 

preserve  their  original  form 

and    independence,    in    the 

animal  ti.ssues  they  undergo 

very  various  moilitications 

at  the  expense    of    their 

independence.  Accordingly 

vegetable  tiasues  consist  of 

uniform     cell  -  aggregates, 

the     individual      cells     of 

which      have     retained 

Jiharply  -  marketl     bounda- 
ries ;  while   in  animnl  tis- 

6ue«  tlie  cells  give  rise  to 

extremely  ditTerent  structures,  in   which  the  cells  as  such  do  not 

always  remain  recognisable.     The  reason  for  this  unlike  condition  of 

the  tissues  must  apparently  be  sought  in  the  different  structure  of 


Flo.  8.  —  Pbynophoni  bjnIroitAticii.  Pn,  Pnoiimii- 
lophor  i  S,  SwimniinshcllH ;  T,  Dnr  tylMotiid  j 
F.  polvpito  or  KUiinach  with  tlio  tenuu  le-,  Uf. ; 
yi>\  Mnnmal  swelling  on  the  bittor  provided 
with  thread-cell;  ;  O,  CluBlcni  nf  gonophunia 


the  cell  itself;  the  vegetable  cell  being  surroumleil  outside  its  pn- 

UJOrdial    utricle   by    a    thick    non-uitrogenous   cuticle,   the   cellulose 

capsule ;  while  the  anima.1  cell  possesses  a  very  delicate  nitrogenous 

meuibmne,  or  inst«id  of  thia  only  a  more  viscous  boundary  layer  of 

•qf  its  own  semi-fluid  contents.     Nevertheless,  there  are  also  vegetable 

cells  provided  only  with  u  simple  uiilced  primordial  utricle ;  and,  on 

the  other  hand,  animal  tissues  which   i-esemble  vegeUitile  tissues  in 

the  fact  that  the  cells  remain  iii<lependent   and  develop   a  capside 

(Chorda  dorsalis,  cartilage,  supporting  cells  in  the  tentacles  of  hj'droids, 

fig,  6). 

a  i 


Fifl.  <1.— "*  Vcgc1«blc  |MifVccbym«  (nflar  Bnchit).     b,  A:tlal  mils  fVtnn  Oio  lenuiclM  nf  rnro- 

piuinliu-iii. 

Neither  can  we,  as  has  be«n  done  by  many  investigat<ji-s,  reffanllho 
multicellular  comffosition  of  the  body  as  a  necessary  sign  of  animal 
life.  For  not  only  are  there  many  unicellular  algte  and  fungi,  but 
also  animal  organisms  which  are  composed  of  one  simple  or  complexly 
ditfci-entiated  cell  (Pixjtozoa).  Finally,  it  is  not  possible  to  see  any 
reaaon  why  unicellular  animals  should  not  exist,  especially  when  we 
coufcidcr  that  the  cell  forms  the  start) ug-ix)int  for  the  development  of 
the  animal  L>udy. 

3.  Ivenv-',  of  all  can  a  test  l)e  found  in  the  repi-oductive  pi-ocesses, 
In  plants  indeed  we  find  a  predominance  of  the  asexual  metho<l  of 
increitse   by  spores  and  buds,  but  similiu-  methods  of   incr^use  are 
widely  present  amongst  the  lower  and  more  sirajily  orgauisiMl   ani- 
mals.    Sexual  reproduction  is  eH'ected  both  in  animals  and  plants  by 
processes  whidi  are  essentially  similai- ;   oonsistiug  in  both  of   the  ! 
fusion  of  the  male  element  (spitrmalozoo-n)  with  the  female  t-lepient 
{ovum)  ;  and  the  form  of  the^e  elements  present*  iji  both  kingdoms  n,  \ 
great  agreement,  at  any  rate  tLey  ore  in  every  case  derived  from  ] 
cells.     Tlie  structure  and  [x>sitiou  of  the  generative  organs  inside  the 
body,  or  as  outer  appendages  of  it,  cannot  l)o  regardcil  as  a  distin- 
guishing mark,  imismuch  as  in  both  kingdoms  the  greatest  difference  I 
prevails  in  this  respe.'t. 
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4.  77ie  chemical  cormtiUumtB  and  t/i«  metabolic  processes  in  nnimiils 
iind  plants  present,  on  ibe  whole,  iinp«)rtiiiit  fiiitmes  of  (liffei-encft. 
Formerly  great  importance  was  attjicheU  to  the  fiict  that  pliintH 
consist  chiefly  of  ternary  (noa-nitrogenoiis)  conipounJf>,  while  auimala 

I  conaLst  of  (mnternury  nitrogenous  eouipounds  ;  and  a  greater  impor- 
tance WU8  att-fu-lied  in  the  former  to  the  ciirbon,  in  the  latter  to  the 

'  Ditrogen,  But  ternary  compounds  are  found  to  be  largely  present 
in  theaniuul  body,  e.j/.,  fats,  carboliydrates  ;  while,  on  the  other  hand, 
quuteiTiai-y  proteids  play  an  importsmt  part  in  those  parts  of  a  plant 
which  are  especijilly  active  in  growth.  Protoplasm  found  in  the 
living  vegetable  cell  is  richly  nitrogenous,  and  of  an   albuminous 

inatuif;  and  it  agrees  in  its  micro-ohemicaJ  reiietions  with  sarcode, 
the  coutractile  substance  of  the  lower  animals.  In  addition,  the 
muditicutious  of  egg  albumen,  known  as  fibrin,  albumen,  and  casein, 
Mre  also  found  in  vegetable  cells.  Finally,  it  is  not  [wssilile  to 
mention  any  substance  which  is  universally  ami  exclusively  found 
either  in  animals  or  in  plants.  Chlorophyll  (gi-ecri  colouring  matter 
of  leaves)  occurs  in  the  lower  animals  (Stentor,  Hydra,  Bonellia), 
wliile,  an  the  other  hand,  it  is  totiilly  absent  in  FungL  Cellulose, 
a  peculiar  non-nitrogenous  substance  found  in  the  outer  membranes 

[  of  vegetable  cells,  occurs  in  the  mantle  of  Aacidinns.     Choleaterin, 

,  ;iud  certain  substances  especially  chanicteristic  of  nervous  tissues, 
lire  also  found  in  plants  (Leguminosae). 

Of  far  greater  imjwrtance  is  the  diflferenoe  in  the  nourishment  and 
metabolic  processes.  Plants  take  up  with  certain  salts  (phosphates 
ii:id  siUpliiitcs  of  the  alkalies  and  eiu-ths)  more  e.'<peci:illy  water, 
uarbonic  dioxide  (carbonic  acid),  and  nitrates  or  ammonia  conijioundf , 
anil  build  up  organic  compounds  of  a  higher  grade  from  these  binary 
inorganic  siibstanceu.  Animals,  in  addition  to  taking  up  water  ami 
Milts,  i^juire  organic  food,  es-pecially  carbon  comjHiunds  (fat)  and 
nitiwgenous,  albuminous  substances;  whi<'h,  in  the  cycle  of  met<ibo- 
lism,  break  down  to  nitrogenous  waste  products  (amides  and  acids), 
ki-eutin,  tyrosin,  lectucin,  urea,  etc. ;  uric  acid,  hippuricucid,  etc.  Plants 
exhale  oxygen,  whilst  they  are  decomposing  C4irl«)n  dioxide  by  means 
of  their  chlorophyll  under  the  influence  of  light,  and  are  forming  in 
their  chloi'ophyll  corpuBcles  organic  substances  from  carlwn  dioxide 
and  solutions  containing  combinefl  nitrogen.  Animals  tiike  up  oxygen 
through  their  respiratory  organs  for  the  maintenance  of  their  meta- 
bolism. The  processes  of  met■aboli^m  and  of  respiration,  therefore,  in 
the  two  kingdoms  are  indeed  mutually  determinant,  but  have  an 
exactly  opposite  i-esult.     The  life  of  animals  depends  on  the  analysis 
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of  complex  compounds,  and  is  essentially  an  oxidation  process,  by  1 
which  potential  energy  ia  converte<l  into  kinetic  (movement,  produc- 
tion of  heat,  light).     The  vital  a<'ti\-ity  of  pLiuts,  on  the  contrary,  ia 
based,   bo   far  :is   it   relates   to   assimilation,   on   synthesis,  and   is 

eseeutially  a  process  of  i-eduction ; 
under  the  influence  of  which  the 
energy  of  wai-mth  and  light  is  stored 
up,  kinetic  energy  being  converted  into 
j)otential. 

Nevei-tiielejis,  this  difl'erence  also   Ls 
not   applicable   as  a   test  in  all   cases. 
Recently  the  attention  of  investigators, 
has  been  turned,  especially  by  Hooker 
and  Darwin,*  to  the  remarkable  nutri- 
tive and  digeiitive  processes  in  a  group 
of  plants  which  were  fii-st  observed  a 
hundred  years  ago  (Ellis).     Tlie  plants 
in  question  catch,  after  the  manner  of 
animals,  small  organisms,  especially  in- 
L7.-I.«fof  DmwramtandifoUa.  "«=**>   "^id  absorb  from   them  through 
«iihpiirti»ii.vc(iutr»ci«lioiii«cie»  the  glandular  surface  of   their   leaves 
the  organic    matter  after  a  chemical 
process  resembling  animal  digestion  (leaves  of  the  Sun-dew,  Drosera 
rotundijblia,  and  the  fly-catcher,  Diontra  muscipula.     Figs.  7  A  8). 

Many  parasitic  plants  and 
almost  all  fungi  have  not, 
however,  in  geneml,  the 
power  of  making  organic 
substiuices  from  inorganic, 
but  suck  up  organic  juices ; 
and  in  taking  up  oxygen 
and  giving  out  rarlmnio 
acid,  they  present  a  respi- 
nitoiy  piiK-ess  resembling 
that  found  in  animals. 
It  was  established  by 
Saussiire's  observations  that  all  plants  re<juire  oxygen  at  certain 
intervals ;  that  in  those  parts  of  pliuits  which  ai-e  not  green,  not 
possessing  chloi-ophyll,  ami  also  in  the  green  parts  in  the  absence 
of  snnligiit,  /,».',  at  night,  a  consumption  of  oxygen  and  exhalation 
•  Tompare  •?5pi!cmlly  Ch.  Darwin,  "  In/icctiTorous  VlAnts,"    London,  1875. 


Flo,  8.— Leaf  nf  Dinnipa  rouscipnU  in  expitmlml 
cnudllluu  (ofurr  Dnrnin). 
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of  carbonic  acid  goes  on.  In  plants,  therefore,  together  with 
the  charaeterLstic  deoxidation  process,  there  Ls  always  found  a 
process  of  oxidation  analogous  to  thiit  (K-cun'ing  in  animal  me- 
tabolism ;  by  which  a  part  of  jthe  assimilated  substances  is  again 
destroyed.  The  growth  of  plants  is  impossible  without  ihe  con- 
sumption of  oxygen  ami  the  prolnction  of  carbonic  acid.  The  more 
energetic  the  growth,  the  more  oxygen  is  oonsiimtMl,  as  indeed  the 
germinating  seed  or  the  quickly  unfolding  leaf  and  flower  buds 
nipidly  consume  oxygen  and  excrete  cai'bonic  acid.  In  thi.s  con- 
nection should  be  mentioned  the  fact  that  the  movements  of  proto- 
phism  dej)end  upon  the  insj)irjtion  of  oxygen.  The  production  of 
heat  (in  germination),  also  of  light  {Ayaricua  olearitu)  is  ;icconipanied 
by  an  m-live  consumption  of  oxygen.  Finally,  there  are  orgaui.sma 
celk,  Schizomycetes)  which  indeed  manufacture  both  uitro- 
loas  and  tUbumiuous  compounds,  but  do  not  assimilate  the  carbon 
of  cnrbtuiic  iicid,  but  mther  derive  the  neceasary  carbon  from  pre- 
pared ivirltoliydrates  (Pusteui*,  Oohn). 

5.  Voluntary  titovement  and  »en»utivn,  according  to  the  common 
view,  is  the  chief  characterLstic  of  animal  life.  Formerly,  the  power 
of  free  locomotion  was  looked  Ufwn  as  a  neces-sary  property  of 
animals ;  and  as  a  consequence  of  this  the  fixed  colonies  of  Polyps 
wej-e  considered  to  be  plants,  until  Peyssoiuiel  brought  forward 
proof  of  their  animal  natiu'e,  a  view  winch  by  tiie  influence  of  the 
gnait  naturalists  of  the  last  century  has  gaineit  general  recognition. 
More  recently,  on  the  discovery  of  the  exist4.'nce  of  motile  spores 
of  algie,  it  was  first  recog- 
nised tlmt  plants  also, 
especially  at  cei'tain  .stages 
of  their  development  (fig. 
9),  pos.seased  the  power  of 
free  locomotion,  so  that 
we  are  compelled  to  direct 
our  attention  to  the  signs 
by    which     the   voluntaiy 

I  nAture   of    the   movement 
can  be  decideil  for   a  dis- 

i  tinction  between  the   respective  movements  of  animals  and  plants. 

I  As  such  for  a  long  time  was  regarded  the  contractile  nature  of  the 

I  movement  as  oppased  to  the  uniform  movements  of  plants  carried 

I  out  with  rigid  bodies. 

In  the  place  of  muscles,  which  as  a  special  tissue  are  absent  in  the 


Fio.  9.— Zoospores,  a,  of  Plywrnm  ;  4,  of  Momiitlnmm  ; 
e,  n1  l/'htkrir;  it,  uf  Btdogomum ;  #,  of  Vaudteria 
(after  Rciukc). 
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Fio.   10.— Znnnpormi  of    ArUnliom 

'    •tfticum  after  ilc   Bar^*.     a,  in 

oundiiinn    nf    haK'ltintr ;    6,    u 

iiiMtii;fip<Mlii ;  <^,  in  the  nmfrttoid 

lljiKei  c(,  ■  iHcce  of  plaAmodiuin. 


lower  nrJmals,   there    i8    present   an    uadilTereDtiated    albuminous 
sul>stance  known  as  aarcode,  the  contiuctile  miitrix  of  the  lx)dy.    The 

vi^^C(n^s  conlf'ntH  of  vegettible  colls, 
known  as  protoplasm,  possessew  likewise 
the  power  of  couti"actility,  and  re- 
sembles siu'cixie  in  its  most  essential 
properties.  Both  present  the  same 
chemical  reactions  and  agi'ee  in  the  fre- 
(luent  presence  of  cilia,  vacuoles,  and 
t>treau).s  of  jiiimulcs.  Piilsatiii};  spu-es, 
the  contractile  vacuoles,  are  not  ex- 
clusively a  po.<;session  of  sait<ode,  but 
may  also  occur  in  the  protopla.sm  of 
vegetable  cells  {Gonium,  ■  Cblainydo- 
monat,  C/i<rlojihora).  The  contractility 
of  the  protoplasm  of  vejtetable  cells 
is,  as  a  rule,  limited  by  the  cellulose 
membrane,  but  in  the  naked  cells  of 
Vnlnmna  and  Saprolfffvia,  and  in  the 
ama'lnt-like  forms  occurring  in  the 
development  of  Afyxomycelts,  the  contractile  jwwer  is  as  intense  as 
in  the  t<aro<Kle  of  Jti/usoria  and  Rhlzopiiiln.  The  amrelxjid  move- 
ments <if  the  plasmmlium  of  Myxomycetes  (lig.  10)  are  not  infenor 

in  intenaty  to  tliose  of  a  genuine 
Amoeba  l>elonging  to  the  llhizo- 
|K>da,  e.g.,  Amttlin  poli/jHulia  {prin- 
crps),  (fig.  11).  In  these  similar 
phenomena  of  movement  of  the 
lower  animals  and  plants  we  seek 
in  vain  for  any  test  of  volition,  the 
intei-pretation  of  which  will  depend 
uiHjn  the  individual  judgment  of 
the  observer. 

The  faculty  of  sensation,  which 
is  inconceivable  as  a  function  of 
matter  and  which  niust  bo  always 
prp-8uppnsc<l  whci-evcr  we  have 
to  do  with  voluntary  movement, 
can  l>y  no  means  lie  aflii-med  with 
certainty  in  all  animal  organisms.  Many  of  the  lower  animals  entirely 
lack  a  nervous  system  and  sense  organs,  and,  on  stimulation,  exhibit 


N,  nnrtous.  Pr,  amtmrUXo  mcnolc  (liftor 
rr  E.  Sc-liolite). 
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}  but  slight  movements  not  more  intenae  than  those  of  plants.  This 
I  irritability,  however,  appears  widely  present  among  the  higher  plants. 
The  sensitive  plants  move  their  leaves  on  the  application  of  mechani- 
cal stimuli  (Mlinogeir),  or  bend  like  the  sundew  (Drosera,  fig.  7) 
small  knobbed  processes  of  the  leaf  surface  which  are  compamble  to 
the  tentacles  of  poI}-ps.  The  fly-catcher  (Dtoiuea,  fig.  8)  brings  the 
I  two  halves  of  the  leaf  together  in  a  valve-like  manner  when  touched 
insects.  The  stamens  of  the  Centnurea  contract  along  their  whole 
th  on  mechanical  and  electrical  stimulation,  and  according  to  the 
rHime  laws  as  do  the  muscle  of  the  higher  animals.  Many  Bowers 
I  open  and  shut  under  the  infiuence  of  light  at  certain  times  of  the 
f  day. 

Accordingly  irriUibtiUii  ns  well  as  contractUity  appears  to  be  a 
[property  Ixith  of  vegetable  tissue  and  of  the  protoplasm  of  vegetable 
IccUb  ;  and  it  is  not  possible  to  determine  whether  volition  and 
[sensation,  which  we  exclude  from  these  {)lienomena  in  plants,  play  a 
I  p*rt  in  the  similar  sensory  and  motor  phenumena  of  the  lower 
I  Animals. 

In   none  of    the  above-mentioned  characteristics  of  animal  and 
I  vegetable  life,  then,  do  we  find  any  absolute  test,  and  we  are  not  iu 
I  a  position  to  indicate  the  presence  of  a  sharp  line  between-  the  two 
kingdoms. 

From  the  common  starting-point  of  the  contractile  substance* 
I  animals  and  plants  are  developed  in  ditt'ei-ent  directions;  at  the 
I  beginning  of  their  development  they  present  many  kinds  of  resem- 
I  blauce,  ami  it  is  only  on  their  att^iining  a  more  complete  organization 
that  the  full  opposition  between  them  is  apparent.  In  this  sense, 
without  wishing  to  dniw  a  sharp  line  between  the  two  senes  of 
I  organisation,  we  can  define  our  conception  of  an  animal  by  putting 
I  together  all  tlie  characteristics  distinguishing  the  direction  of  animal 
1  development, 

An  animal,  thei-efore,  is  to  be  defined  as  an  organism  provided 
I  with  the  j)ower  of  fi-ee  and  voluntai-y  movement,  and  with  senstttion ; 
whose  organs  are  internal,  and  are  dci-iveil  from  a  development  of 
f  the  internal  sui-faces  of  the  body ;  which  needs  organic  food,  inspires 
[oxygen,  changes  potential  energy  iiit-n  kinetic  under  the  influence  of 
luxidation  processes  in  metabolism,  and  ejtci-etes  carbonic  acid  and 
Initrogenous  waste  productr. 

The  formation  of  an  intermediate  kinpdoin  for  the  piinplp-tt  fnrms  of  life 
lis  neither  scientitieally  jastitied,  nur  from  pructicjil  considerations  desirahle, 
I  On  ihe  oontraiT,  thr>  acceptance  of  the  Prntittu  would  only  double  t!>e  dillieulty 
[of  deteriuiuiu^  the  limit. 
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Zoologj  in  tlie  science  which  has  aoimals  for  its  subject,  and  which 
•eeks  to  emmine  the  phenomena  of  their  structure  and  life,  as  well 
as  their  r«:Liition:>  to  one  another  tind  to  the  outer  world. 


CHAPTKR   III. 


TOK  OBGASIZATION   AND  DEVELOPMENT  OF   A>n)ULS   IX  GEXERJLL. 

Id  the  foregoing  comparison  of  animuU  and  plants  for  the 
etftAbliidiment  of  a  correct  idea  of  the  meaning  of  the  word  "animal," 
the  great  variety  and  the  numerous  grades  of  animal  structure  have 
been  hinte<i  at.  Just  as  the  complex  organism  is  luiilt  up  from  the 
ovum  by  a  proceas  of  gradual  diiTerentiation,  and  often  duiing  its 
free  life  passes  through  conditions  which  lead  in  ascending  series 
to  an  ever  higher  development  of  the  parts  and  to  a  more  complete 
pet f onuiiQce  of  functions;  so,  if  the  animal  kingdom  be  exiimined  as 
a  whole,  thero  is  apparent  a  similar  law  of  gi-adually  progressing 
development,  of  an  ascent  from  the  simple  to  the  complex,  manifest 
lx)th  in  the  form  of  the  body  ixnd  in  the  compotutiin  of  its  parts  as 
well  as  in  the  completeness  of  the  phenomena  of  life. 

It  is  true  that  the  grades  of  animal  structure  do  not,  like  those  of 
the  developing  indiNndual,  follow  the  one  upon  the  other  in  a  single 
c<mtiiiut>ii.s  series ;  and  the  parallel  between  the  developmental 
giiidatiou  of  types  in  the  animal  kingdom  as  a  whole  and  the  suc- 
oWve  conditions  of  an  individual  animal  breaks  down  in  so  far  as 
we  distinguish  in  the  former,  as  opposed  to  the  latter,  a  number  of 
types  of  animal  structure  often  overlapping,  but  still,  in  their  higher 
development,  essentially  different  from  each  other.  These  we  regard 
as  the  highest  divisions  of  the  system. 


INDIVIDUAL — OBQAK — STOCK. 

The  animal  organism,  when  viewed  from  a  physiological  and  mor- 
phological stand-point,  presents  it.self  as  an  indc|>endent  and  indivisible 
unit,  us  a  "complete  individual."  Amputated  limbs  or  excised  pai-ts 
of  the  body  do  not  develop  into  now  animals ;  in  fact  we  cannot 
usually  roHjove  a  single  piece  of  the  body  without  thereby  endanger- 
ing thn  life  of  the  organism,  for  it  is  only  as  a  complex  of  all  its 
pirts  tiiat  the  body  can  retain  its  full  vital  energy.  With  reference 
to  the  property  of  the  indivisibility  of  the  individual,  we  understand 


by  the  term  organ  every  part  of  the  body  which  as  a  unit  subordi- 

» to  the  higher  unit  of  the  organism  pi-esents  a  detiuite  form  an<l 

tare,  and  performs  a  corresponding  function  ;  that  is  to  siiy,  an 

is  one  of  those  numerous  instruments  on  the  combine<l  work- 

ag  of  which  the  life  of  the  individual  depends. 

There  ai-e  certainly  among  the  simpler  animals  many  instances  in 
I'hicb  the  term  individual  in  its  usual  sense  cannot  be  rightly 
applied.  In  such  ca«es  we  have  to  do  with  structures  which  from 
their  development  must  be  termed  individuals,  and  represent  indi- 
viduals, accordingly,  in  a  morpfwloijical  sense.  A  great  many  of  them 
are,  however,  fut*d  to  a  common  stock,  forming  wlmt  is  kiiowni  as  a 
colony,  and  are  n-lated  physiologically  to  this,  as  organs  are  to  an 
argauism.  They  are  accordingly  incmnplele  or  morphological  indivi- 
luiUii,  which  are  usually  incapable  of  leading  a  separate  existence ; 
ind,  when  they  differ  from  eiu-h  other  in  form  and  function,  dividing 
lamongst  themselves  the  labours,  the  performance  of  which  is  neces- 
for  the  maintenance  of  the  whole  colony,  they  always  perish 
separated  from  it. 

Such  polymorphous*  stocks  of  animals  present  the  pi-operties  of 

ndividiials  although  they  are  morphologically  aggregations  of  indi- 

iduals  which  behave  physiologically  as  organs  (tig.  5).     On  the  other 

land,  groups  of  organs  can  acquire  individual  iudepeiidence. 

In  the  animal  body  organs  do  not  always  i-emain  single,  but  the 

may  be  often  repeated.     The  manner  of  the  repetition  is 

lependenton  the  kind  of  svmmetrj',  which  may  be  radiate  or  bilateiul. 

animals  with  radiate  symmetry,    the  Radiata,   it  is  possible  to 

annect  two  opposite  points  of  the  body  by  an  axis,  which  may  be 

Jed  the  chief  axis,  and  to   di\'ide  the  body  by  sections  jKUtsing 

khrough  this  axis  into  a  number  of  eqiiivident  and  symmetrioil  parts 

lown  as  aiUimeres.     The  organs  which  are  not  repeated  are  situated 

the  chief  axis  of   the  body,   while  the  other  organs,  which  are 

formly  repeated  in  each  antimere,  are  situated  periphenilly.    Eiicli 

itimere  contains,  therefore,  a  detiuite  gi-oup  of  organs  and  rcpies^nts 

secondary  unit,  which,  together  with  its  fellows  and  the  central 

rguns,  constitutes  the  primary  unit,  i.e.,  the  perfect  aniutal. 

In  a  radiate  animal  a  number  of  lines  can  be  drawn  at  right  angles 

the  chief  axis,  corresponding  In  number  to  the  autimeres,  and 

passing  along  the  middle  of  an  antimere;  such  lines  are  known 

radial.     Similarly,  a  corresponding  number  of  inter-radial  lines 

Viilc  K.  Leuckart,  "  Ueber  den  Polymorjihismus  dcr  Individuen  und  die 
chciuaiig  dcr  Arbeitgtbcilung  in  dcr  Natur."     Giessen,  ItiSl, 
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can  be  drawn,  passing  between  the  antimeres.     A  vertical  section 
tliroiigh  11  rivdiiil  line  divides  the  corresponding  antimere  into  two 


A  a 


Kio.  124. — 6«a-archin  fdincrraniniAtic). 
J.  iiii«r.niilinii  Willi  the  donblo  row 
of  iiit«rNinb(i1iu'nil  plA(«a  ftml  Iho 
f^nilAl  orifftna  (i  ;  H,  nidii  villi  t)io 
d  lUtilB  row  (if  amt>nlacnll-plttlc« 
perfDratcl  by  tb£  Hmhnlucnil  poreH, 
A,  aniu. 


Fio.  I3t.— Slirll  of  >  Sea-urvhin  aocn 
fmin  »tK>To.  JitindiuK  with  the  p<>r- 
ft)rnt«<l  plA1«fl;  /,  int«r-radjus  with 
thu  roTToipoudinK  gmtniillve  orKHUA 
and  lUoir  poros. 


iv]Uft!   pai-td.   while   a  similar  spction  through  an   inter-radial   line 
dividtt*  one  antimere  fi-orn  its  neighbour.     Radiate  animiUs  may  have 

two,  three,  etc.,  radii ;  and  in 
animals  which  possess  an  uneven 
number  of  radii,  one  radius  and 
one  inter-iiidius  always  fall  in  the 
Same  vertical  plane  (fig.  \2a,  b, 
and  fig.  1.3).  In  animals  with  an 
even  number  of  nidii,  on  the  con- 
tiurj',  each  vertical  plane  passes 
through  two  radii  or  two  inter- 
radii.  A  vertical  section  pa&siug 
through  one  radius  would,  if  pro- 
longed, pass  through  the  i-adius  of 
the  opposite  antimere  (fig.  1  in).  For 
esjiii)i>le,  an  animal  with  four  i-adii 
possesses  four  antimeres,  each  of  which  will  be  divided  into  two,  by 
two  raduil  vertical  socliotis  passing  at  right  angles  to  each  other 
through  the  chief  axis;  while  they  will  all  be  sepunited  from  oaolt 
other  by  two  similarly  directetl  intt-r-nidia!  sections. 

Binuliate  form:«  (the  Ct^-nophora)  possess,  on  the  contrary,  only  two 
ra<lii,  which  lie  in  a  common  vertical  plane.  A  second  vertical  plane 
crossing  the  iiT»t  at  right  angles  ])aases  through  the  inter-radii,  and 


(dlfttTamnmlir).  O, 
II  iu  irii^r-raditii;  Af, 
unilitilnontl  r<*ci  tn  \ho 
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divides  the  antimeres  from  each  other.  The  first,  in  which  the 
greater  number  of  organs  are  repeated,  may  be  designated  the 
transverte  plane,  while  the  second,  corresponding  to  the  median  plane 
of  bilateral  animals,  is  known  as  the  sagittal  plane  (fig.  146). 


Fio,  14a.— AcalephB  larra  (Epbyra). 
Sk,  margioal  body ;  Gf,  gastric  fil&- 
mvnt.    Rct  radial^anal ;  O,  moQth. 


Fio.  \U.  —  Ctenopheran  seen  from 
above.  5.  naf^ttal  plane ;  T,  trans 
Terse  plane ;  R,  vibiatile  plates ;  Of, 
gastric  canals. 


In  the  bUateral  arrangement,  which  is  found  also  in  each  individual 
antimere  of  the  Badiata,  only  one  plane,  the  median  plane,  can  be 
imagined,  which  pa.<se8  through  the  chief  axis  and  divides  the  body 
into  two  exactly  similar  parts  (right  and  left).  These  two  halves,  as 
opposed  to  antimeres,  may  be  termed  parameres. 
In  bilateral  animals  we  distinguish  an  anterior  and 
posterior  end,  a  right  and  a  left  side,  and  a  dorsal 
and  a  ventral  surface.  The  unpaired  organs  are 
placed  in  the  middle  line,  on  each  side  of  which,  in 
the  two  halves  of  the  body,  are  placed  the  paired 
organs.  The  plane  which  is  placed  at  right  angles 
to  the  median  plane  (passing  from  right  to  left)  and 
separat«s  the  unlike  dorsal  and  ventral  halves  of 
the  body,  is  known  as  the  lateral  plane.  The  anti- 
meres of  the  Kadiata  also  consist  of  two  parameres, 
and  are  therefore  bilateral,  in  that  the  vertical  plane 
passing  through  the  radius  like  the  median  plane 
divides  them  into  two  similar  parts. 

The  same  groups  of  organs  or  similar  parts  of 
the  same  organ  may  also  be  repeated  in  a  longitu- 
dinal direction.  This  occurs  especially  frequently 
in  bUateral,  less  frequently  in  radiate  animals 
(strobila).  The  body  thus  obtains  a  segmentation, 
and  is  divisible  into  successive  sections,  the  segments  or  metameres, 


Fio.  16.— Segmented 
worm  (PolychspteX 
Ph.  pharynx ;  D,  ali- 
mentary canal ;  c, 
cirrus;   F,  tentacle. 
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wliich  ore  placed  one  behind  the  other,  and  more  or  less  completelyi 
resemble  each  other  in  structure  (Annelids,  tig.  15).  The  successive 
liegments  may  in  structure  aud  function  ttp[>car  couijiletely  equivii- 
lent,  and  represent,  like  the  autimei^es  of  the  Radiuta,  indi'-iduals 
of  a  lower  order,  which  on  the  severance  of  their  mutual  connec- 
tion can  acquii-e  independence  aud  remain  alive  for  a  shorter  or 
longer  period  (proglottis  of  Cestodes). 

In  animals  of  higher  organixation  the  segments  ni-e  much  mor 
intimately  connected,  and  are  mutually  dependent,  but  they  lose  atj 
the  same  time  their  complete  homonomy.     In  the  same  degree  us  ths 
metamei-es  acquire  an  tmlike  structure,  and  corresponding  to  this  i 
varying  impoi'timce  in  the  life  of  the  organ* 
ism,  they  lose  their  individual  iudependeuiM 
anil  Kink  more  and  more  to  the  value  of  orgiina 
The     metiimeres     in     the     polymorphou 
colonies  are  quite  amilogous  to  the  segment 
of  the  indi\'idual.     In  them  there  follow,  oufl 
behind  the  other,  similar  groups  of  diHerentJ 
individuals,  each  of  which  fulfils  singly  th< 
conditions  necessary  for  existence,  and  ther 
fore  can  continue  to  live  as  a  colony  of 
lower  order  when  sepamted  fj-om   the  st 
(Kudorin,  Diphyes,  tig.  IG). 

The  distinction  into  a  higher  aud    lowc 
onlor  also  holds  for  organs.    There  are  organs 
which  are  reduciVde  to  a  siiigle  cell,  or  to  an       . 
aggregation  of  equivalent  cells  (simple  organs)|^H 
and  others  in  the  formation  of  which  variou.'t^^ 
cells  and  tissues  (compound  organs)  jiartici- 
pat«,  and  which  frequently,  in  theii'  turn,  may 
l>e   divided  into  parts  different  in  structm-^J 
luid  function.     The  compound  organs  of  higher  order  are  compose^^J 
of  ditferent  part*,  which  function  »u!  organs  of  a  lower  order.    These, 
again,  are  wimposetl  of  viirious  kinds  of  cells  and  cell  derivates,  whic 
are  organs  of  a,  still  lower  order.     Finally,  in  tlie  last  aiudysis, 
come  to  the  cell  or  the  area  of  protoplasm  correspcmding  tt)  it,  which 
in  the  simplest  and  ultimate  organ.     On  the  other  hand,  we  gi'oup 
together  organs  of  dirtercnt  order,  which  are  intimately  connects!  so 
far  as  theii"  chief  functit)n  is  concerned,  under  the  name  of  *vWf, 
(vascular  svstem,  nervous  s\-stem)  or  «/>;>fira/ii«  (digestive  ap{Miratus 
although  we  cannot  clearly  distinguish  them  from  compound  or; 


to.  10.    Ponion  of  PliiJiye» 
nor     K.     Ixiuckn't).     l>, 
liyiliMpUylUuiii  1  "»■  K"""- 

i,i,..tv ;   p,   r.iirp     «"■•' 

KMiui.'li'.     The    ifn<ill)«    of 
lluliTldunlii  Mimmto  Utam. 
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CELLS   AND   CELL  TISSUES, 


The  constituent  parts  of  which  an  organ  is  made  up  are  known  as 
ssues.     They  possess  a  definite  stniet\ire,  vLs-ililo  with  the  lielp  of 

inicrobcoiie,  and  have  either  the  form  of  cells  or  of  structures 

ived  from  cells.     Tissues  have  a  function  corresponding  to  their 

[•ial  structure,  and  this  function  determines  the  whole  function  of 

be  organ.     They  may,  therefore,  lie  regarded  iis  organs  of  a  lower 

Jer.  The  ultimate  unit,  the  organ  of  the  lowest  order,  or  ele- 
jentary  organ,*  from   which   all   tissues  are   derived,  is  the  cell. 

lie  essential  pii-t  of  a  cell  is  not,  a»  we  have  already  seen,  the 
Dcmhrane  or  the  nucleus,  hut  the  protoplasm,  with  its  special 
Bole«-'uIiir  armngpment,  in  which  reside  the  functions  of  independent 
Bovcment,  of  metiil)olism  and  of  reproduot  ion  (tig.  I ). 

Tlie  nucleus  of  a  cell  is  either  a  solid  mus.s  of  protoplasm  or  a 
Bore  fluid  structure  enclose<l  hy  a  firm  memhnine,  and  may  con- 
tin  one  or  more  solid  bo<lies  (nucleolus).  IHJierent  as  are  the 
Druis  which  the  nucleus  may  take,  it  always  contains  a  fluid  snh- 

snce,  the  nuclear  Jluid,  and  a  pro- 
oplasmic    substance,    the     nuclear 

thutaiiof  of  a    special    importance 

or   the   functions    of    the    nucleus  a^ 


[fig.  17). 

An   important   and  very  general 

Dperty  of  protoplasm  is  its 
swer  of  contractility.  The  living 
Bass  presents,  in  connection  with 
Detubolism,  phenomena  of  move- 
Dent.  These  movements  are  not 
aerely  confined  to  the  currents  of 
oUd  pirticles  suspended  in  the 
Dus  contents  of  the  cell,  but 
shown  also  in  the  change  of 
form  of  the  whole  cell.  If  the  outer  part  of  the  protoplasm  has 
andensed  so  as  to  give  rise  to  a  cell  membrane,  i.e.,  if  tiu^  cell  has 

|uire<l  a  distinct  wall,  the  changes  in  its  form  ore  very  much 

stricted.     In  other  ca-ses  the  movement  shows  itself  in  a  quick 
Or  slow  change  in  the  outer  form.     The  cell  in  this  case  manifests 

Til.  Schwann. "  Miorowopischc  Untcrfinrhungcri  iiber  die  Ucliereinstimnmng 
I  der  StniPtur  mifl  ilein  Wafhf-thimi  (icr  Tbiere  uiiil  PflniiM;n."     Uerlin,  IS39. 
Leydip,  "  I/elirbuch  der  Histologic  dcs  mensthi;n  und  der  Thicre."     ("rauk- 
furl  a.M.  IK57. 


Flo  1 7  — DiffCTent  f nniw  of  nuclei  (of tar 
K.  Hftriwii.').  <i,  iiucleiu  trom  a  coll 
of  &  Muliiiirhiitn  tubule  of  •  catarpil- 
Ur.  Ii,  nnclena  of  s  BcUonoon  with 
A  cortical  Ifiycr  and  nucleolns  in  tbo 
nncloar  fluid,  c,  nnoloui  from  the 
csff  of  a  Scft-archin.  Nncleoloa  iin- 
licdded  in  a  protoplaamic  fibrous  not. 
work  sarrouudod  by  naclsor  fluid. 
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the  so-calletl  amicbuiJ  motion  ;  it  ^nds  out  pixicesses,  draws  tlieui 
in  again,  and  is  able  by  such  means  to  cliauge  its  position.     This 
capacity  of  change  of  form  is  especially  possessed  by  young  undif- 
ferentiated cells,  which  have   not  developed   an   outer   membrane,  i 
Such  cells  in  their  later  growth  usually  develop  a  cell  membrane,! 
wliich  accoi"dingly  is  not,  as  was  formerly  supposed,  a   necessary  | 
constituent  of  the  cell,  but  is  mcivly  an  indication    that  the  cell 
has  undergone  a  certain  amount  of   dili'ei-enlialion  from   its   early 
jndiHerent  condition. 

It  has  been  already  pointed  out  that  the  fundamental  pi'opcrties 
which  distinguish  the  life  of  organisms  manifest  themselves  also 
in  the  life  of  their  constituent  cells.  According  to  our  present] 
knowledge,  cells  always  originate  from  pre-e.x.isting  cells ;  a  process  of 
free  cell  formation,  as  conceived  by  Schwann  and  Schleiden,  in<liciited 
by  the  pre<?edent  origin  of  nuclei  in  a  formative  organic  inateriitl,  1 
has  never  been  proved. 

Such   a  pi-ocess  may,  however,    take  place  when  the   formativaj 
matter  is  the  plasma  of  a  cell,  or   of  sevei-al  cells   fuse<l    together] 
(pla«mo<lium).     In  such  cases  we  have  a  process  of  free  cell  forma- , 
tion  (e.<i.,  sptu'c  formation  in  Myxomycetes)  which  ceitjiinly  is  nut  J 
clearly  marked  oil'  from  a  pi-ocoss  of  new  formation  within  the  mother 
cell,  and  is  to   be  lixiked    upon  as  a   moditication  of   the  so-called 
endogenous  cell  formation.     This  leads  us  to  a  consideration  of  thai 
very  widely  distributed  method  of  cell  increase  by  ilii'lmon.     When 
the  cell  liiLs  reached  a  certain  .size  by  the  absorption  and  assimilation  . 
of  nutrient  matter,  the  protoplasm  separates  itself  into  two  nearljl 
c(jual  portions,  this  proctws  li«>iug  usuully  prei-eded  by  the  division  of] 
the  nucleus.     Eiich  portion  receives  half  of  the  original  nucleus. 

During  its  division  the  nucleus  undergoes,  as  has  been  recently! 
shown  in  manj'  iii.-.tance«,  jieculiar  dilTereutiatious  and  changiw  (fig. 
18).     It  becomes  spindle-.-haj)i'd  ;  its  contents  t^ike  on  the  form  of 
longitudinally  arnmged   strie,   running  from   pole  to   p«ile   of  tha 
spindle ;  the  centre  of  oach  of  the  stvine  becomes  thii'keue<l,  giving 
rise  to  a  cross  e<|uat<irial  /.one  of  gninuiiir  matter,  the  nuclear  jilate 
(thickened  zone).     The  central  thickenings  constituting  the  nudeiu'l 
plate  divide.     Each  half  travels  towarils  the  pole*  of  the  spindle,] 
and  becomes  there  enclose«l  in  a  clear  fluid  mas>i,  which  appears  inj 
the   pi-otoplrtsni.     From    these   two   (.trucLures  the   new    nuclei  are  I 
formed  at  the  poles  of  the  now  dunib-liell  shaped  nncle-ar  spiu<lle,  the 
stritti   of  which  vanish  during  the  constriction  of  the   protoplasm, 
which  has  alremly  commenced  and  quickly  progresses.    The  division  j 
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complete*!  when  the  yoaiig  nuclei,  proceeding  fioin  the  two  pules 
uuclcair  spindle  iind  the  surrounding  clear  protoplasm,  hiive 
lined  their  detiuite  aiie,  and  the  remains  of  the  tibros  have  been 
or  lied. 

iljj»  these  processes  the  protoplasm  of  the  cell  has  gnidually 

ome  more  and  more  constricle<l  by  a  furrow  which  is  dirwited 

msverseiy  to  the  long  axis  of  the  nnclejir  spindle,  and  which  after 

completion  of  the  division  of  the  nucleus  biings  about  a  separa- 

on   of    the  cell   contents    into   two    masses — the    daugliter   ctdJs 

5g.  IS). 

If  the  products  of  the  division  are  une(]ual,  so  that  the  sraallei- 
Drtion  may  be  looked  upon  as  a  production  of  the  Inrger,  we  give 
be  niuue  '•  hwldiiuj  "  to  this  form  of  reproduction. 


I 


ho.  IB.— Pr.,.  :    ,1    _    iL-t   (lirtor 

B&l«ebij>.    A',  uuctoArapiuiUc.    A'^i,  nuciuar  piAta  ur  efiumorml  ibiokenin^. 

Finally,  the  term  emlogenoiis  cell  formation  is  applied  to  that 
lethod  of  increase  in  whicli  the  cells  originate  within  the  niotiier- 
bU.  In  this  case  the  protoplasm  does  not  divide  by  a  progressive 
rii-tion  and  .separation  into  two  or  more  part-s  but  diflbientiates 

L'lf  round  the  newly  formod  nuclei,  with  which  tlie  original  nucleus 

»y  persist. 

The  ovuiD  whicJi  we  have  to  contemplate  as  the  starting-point  of 
be  development  of  the  organism  produces  by  these  various  methods 
i!ell  multiplication  the  material  of  cells  which  serves  for  the  for- 

ution  of  the  tissues.     Groups  of  originally  indifferent  and  similar 

Js  break  up  and  assume  severally  a  changed  appearance.  Tlie 
unstitwent  elements  undergo  various  ditTcn-ntiations.  and  from  them 
tid  their  derivates  is  produced  a  detiuite  foi-m  of  tissue,  endowed 
with  a  function  corresponding  to  the  peculiarity  of  its  structure. 

The  sejMiration  of  groups  of  different  cells  leading  to  the  cst^iblish- 

aent   of   various  tijisues   prepares   the  way    for   the   physiological 

livision  of  labour  between  the  organs,  which,  like  the  tissues  compos- 

ag  them,  can,  according  to  the  functions  which  they  perform,  be 

ivided  into  organs  of  regelativt  life  and  orytnn  of  animal  lif-;. 

The  former  have  to  do  with  the  nutrition  and  maintenance  of 
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the  body;  the  latter,  on  the  contrary,  serve  for  movement  and 
sensation,  functions  whicli  are  exclusively  the  property  of  animals 
(as  opposed  to  plaut«).  For  the  sake  of  clearness  we  \nU  divide  the 
vegetHti%'e  tissues  into  two  groups, — into  ceUa  and  cell-aggregate 
(epithelium),  and  into  tissues  of  connective  substance.  In  the! 
tissues  of  animal  life  ve  distinguish  muscular  and  nervous  tissuF 
Tliii?  classificsitiou  of  the  tissues  hos  no  other  aim  than  to  fiicilitate 
a  geuei-al  review  of  the  different  forms  of  tissue,  and  to  ren<ler 
possible  a  criticism  of  their  relationships;  it  lays  no  claim  to  establiahl 
an  !ibs<jliitely  sharp  line  between  the  various  groups. 

1.  Cells  and  cell-aggregates.  Cells  may  either  be  free  and  isolated] 
from  each  other,  floating  in  a  fluid  me<lium,  or  they  may  be  place 
near  one  another  forming  pirt  of  an  aggregation  of  cells  spread  out 
superficially .  To  the  former  lielong  the  cells  of  the  blood,  chyle,  and 
lymph.   The  blood  of  invertebrates,  which  is  generally ciilouiless,  andj 


fio.  19     moo<lci)n>ii»cle«  (ofier  Kckcr).    ii,  colourlw*  blond  corpowlM  from  tlic  he 

llio  frMliWBter  muuel  (AnodonM).  6,  <rnm  thecntotiullarof  Sphinx,  r,  rwl  onrpiui'K-*! 
from  Proleu,  d,  from  the  itmooLh  adder.  d\  lymph  ourpiucle*  of  the  Mune.  t,  rod  J 
rorpiudm  of  tho  trog.  f,  of  the  pigeon.  />,  lymph  corpiudot  of  Uie  •ome.  f,  rcd/l 
blood  oorpuMilos  of  roan. 

the  blood  of  vertebrates,  which  is  with  few  exceptions  re<l,  consist 
of  a  fluid  albuminous  plasma  containing  numerous  blood-corpusclesl 
in  suspension,    These  corpuscles  are  in  invertebnites  irregular  of  tea  I 
spindle-shaped  ceils,  endowed  with  the  cjipacity  of  amnelwid  move- 
ment.     In  the  blood  of  vertebnites,  in  addition  to  .such  colourlesa  | 
auisboid  corpuscles  there  are  found  red   corpuscles  (discovered  by  J 
Swammerdam  in  the  frog) ;  and  these  are  so  numerous  as  to  give! 
the  blood  a  uniformly  red  apj>eaiiinre  to  the  unaided  eye.     Tliey  are] 
thin   discs   with   an   oval,  nearly  cUipticJil  or   circular   (MammaliitJ 
Fetrorayrx)n)  contour,   with  nuclei  in  the  first   ca«e,   and  w^ithoiil 
nuclei  in  the  second  (except  in  the  embryo)  (fig  19).     Tliey  containi 
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the  red  colouring  matter  of  the  blood,  hcBmoglobin,  which  plays  so 
important  a  part  in  respiration.  They  arise  in  all  probability  from 
the  colourless  corpuscles  which  are  always  far  less  numerous  in 
normal  blood.  The  colourless  corpuscles  are  genuine  cells  of  vaiiable 
form,  and  have  the  power  of  amoeboid  motion  (migration  into  tissues, 
regeneration  of  tissues,  etc.) ;  they  come  from  the  lymphatic  glands,  in 
which  they  arise  as  lymph  corpuscles,  and  eventually  pass  with 
the  lymph  stream  into  the  blood.     The  ova  and  spermospores,  after 


)/        \!f 


Fio.  20.— Spennatoaoa.  a,  of  Medusa,  h,  of  a  Nematode,  e,  of  a  Crab,  d,  of  Torpedo. 
e,  of  Salamander  (with  undnlatisK  membrane).  /,  of  Fro;;.  ;,  of  a  Monkey  (Cercn- 
pitbecus). 

they  have  separated  from  the  epithelial  layer  in  the  wall  of  the  ovaiy 
and  tecitis,  as  well  as  the  spei-matozoa  produced  from  the  spermospores, 
respectively  belong  to  the  category  of  free  cells.  The  form  and  size 
of  the  spermatozoa  present  great  variations.  They  always  consist  of 
a  modified  cell,  frequently  of  a  very  small  cell  with  a  long  llagellum, 
nucleus,  and  remains  of  protoplasm.  In  many  cases  the  head  is 
elongated  into  a  fibre-like  structui-e,  or  is  twisted  like  a  corkscrew 
(Birds,  Selachians).  Sometimes  a  distinct  head  is  absent,  and  the 
spermatozoon  is  thread-like  (Insects).     In  the  Nematodes  the  sperm- 
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atozoon  is  liat-^hapod ;  while  iu  C'riu-itAcea  it  haf<  the  fonu  of  a  cell,1 
witli  long  mdi.iting  procesbes  (tig.  20). 

Kpilhelial  t'tMxes  con.sist  of  aggregationB  of  cells  which  as  simple 
or  stnvtified  layei-v  cover  tlie  external  and  iutemal  surfaces  of  thoJ 
body,  and  which  line  its  closetl  spaces-  (Emlothdinm).     According  to  J 
the  different  shape  of  the  ceU-s  composing  it,  we  distinguish  cylin-l 
drical,  ciliated,  and  pavement  epitheliuni.     In  the  tii-st  cise  the  cells, 
in  consequence  of  the  elongation  of  the  long  axis,  jire  cj-lindrical 
(fig.  21,  e) ;  iu  the  second,  the  free  surface  of  the  cells  is  baset  withi 
vibratite  cilia  or  flagella  (fig.  21,  </),  wliieli  are  continuous  with  the] 
living  protoplasm  of  the  cell.     If  only  one  fliigelluiu  projects  fi'om' 
the  cell  (sometimes  a  flat  cell  tig.  21,  6)  tA«n  the  name  flagelkte  cell 
is  applred  (c-ollured  cell  of  sponges,  tig.  31,  <;).     Finally,  iu  the  cju*e  of 
pavement  epitheliiun  (tig.  21,  n)  the  cells  are  flattened  ;  and  if  there] 

a 


'T^p»  -^ 


rio.  tl.— Vnriiiiu  kind*  of  epiUieliul  cell*,  a.  Flat  cp1I».  h,  Itat  celU  wiUi  tlavpUa  (from  • 
Mertusn).  f,  cyliudncnl  cells,  rf,  cilintwl  wll.  »,  BatrclUtc  c»ll  «ntb  cjllnr  (rram 
■jxmire).    /,  cylindriCftl  celt  with  poroii*  hordor  (mteBtinol  epttbolium), 

is  more  than  one  layer  the  superficial   cells  are  tlat,  while  those  in] 
the  deejK?r  layers  are  more  and  more  roiunled. 

While  the  cells  of  the  lower  layei-s  retain  their  semi-fluid  character,  I 
and  are  occupied  in  contixtual  cell  di\-ision  and  gixiwth  ;  those  of  tha 
up])er  layers  pos»e»6  a  fij-rnor  consistency,  gradually  become  homy,] 
and  are  thrown  nlf  us  sc«le>  or  continuous  tlake^.  U>  be  rephiced  by  I 
the  wmtinuou.s  (,'rowth  of  the  lower  laj'ers.  Thick  stratified  layers  J 
of  comified  cells,  almost  ftise<l  with  one  another,  give  rise  to  iudunit<>dj 
or  homy  striicturi-s  (nails,  chiw.s,  hoofs),  wliich  may  form  a  more  orj 
leas cx^iroplete  coat  fm-  tlie  ImmIv  .md  function  iis  protectivp  exoskeleton  I 

(fig.21,«to.A 

Tlieiv  are  als<i  cell.s  the  tree  suifaoe  of  which  is  distinguishwl  by  «| 
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well-miirked  thickening.  The  pitHoplasm  of  the  free  surface  of  snch 
(•elLs  liecomes  burdened  st>  ii?  to  give  rise  to  n  thick  superficial  border, 
perforated  at  right  angles  to  its  jiurfjice  by  a  number  of  tine  canals 
which  give  it  a  Rtriated  ap- 
[leamnce  (intestinal  epithe- 
lium, fig.  21,/,  epidermii-  cells 
of  Petromyzon).  If  these 
thicJtened  boi-ders  fuse  to- 
gether M>  as  to  form  a  con- 
tinuous layer  which  obtains 
indei)endence,  we 
aticulur  membranes, 
'  which,  according  to  their  ori- 
gin, may  be  homogeneous  or 
fetratified  (tig.  22,  n,  h,  c),  arid 


Flo.  22. — (1,  ( 'nuclo  anil  hypodennu  of  i) 
Copothm.  6,  cuticle  htkI  h;\-j>aflenuis '.I 
inctui  Cttteriiiltar,  ^^  a  >it  K^Ktal^  bciicuth 

cnireftpondinp  !iriF*t  ■ 

may  eichibit  various  patteiTL'?  of  ditferent 
kinds.  Very  frequently  the  surfaces 
of  the  individual  c«lls  ai-e  indicated  on 
the  cuticle  a.s  jwlygonal  figui-es ;  and, 
in  addition  to  the  veiy  tine  poi-es, 
there  are  also  found  larger  jja.ssage»  pro- 
duced by  out-growth,  from  the  cells. 
These  latter  lead  to  the  appearance  of 
various  cuticular  appendages,  such  as 
hair^,  bristleti,  scales,  etc.,  which  are 
placed  on  the  cuticular  poi-es,  and  con- 
tain as  a  matrix  their  special  cell  or  a  process  of  it.  Cuticulai' 
membjivnes  may  obt^iin  a  veiy  consideiiible  thickness,  and,  by  the 
depo>ition  of  calcai-eous  salts,  a  high  degi-ee  of  tirmness  (caiupace  of 
|Cru8taoea)  so  tlut  they  acquire  the  value  of  skeletal  tissues,  which. 


^6.  Sir. — CV.  caticio  \rith  bristle*,  in 

the    ooDdiUon    of     ecd.rsU.      Ci>', 

rly-tanatd  eoticle  (BmlOkipu^X 
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however,  it  is  i^nei'ally  ditiicult  todistiuj^ish  from  eei-tiiin  connective 
tissues. 

While  cuticuW  stmctiu'eB  ai'e  solid  secretions  wliich  are  of  use 
in  supporting  and  giving  a  detiuite  form  to  the  organism,  there  are, 
on  the  other  hand,  various  fluid  seci-etions  proceeding  from  cells 
which  give  rise  to  no  structiu'e^,  and  wliich  are  often  of  considerable 
import4ince  fioni  a  chemioU  point  of  view.  In  this  C4ise  the  epithe- 
lium becomes  glandulai-  tissue.  In  the  simple  cases  the  gland  is 
constituted  of  a  single  cell,  the  secretion  of  which  either  passes  out 
through  the  free  surface  of  the  membrane,  or  a  special  opening  in 


Fio.  M.— Oaalrio  Rliuad«,  <>,  Lbair  orifio  M  Is- 
viuriniuioiu  of  tlia  epitbeUiua.  >,  perfKt  kiu- 
trio  trUiiKU. 

it  (fig.  23).  If  several  cells  enter 
into  the  formation  of  a  gland, 
they  ai'e  lU-iiinged  in  the  simplest 
cases  round  a  central  otvity,  which 
receives  the  sea-etion.  Tlie  gland 
then  ha.'*  the  fomi  of  a  s<ick  or 
blind  tube,  derived  from  an  inva- 
gination of  the  epithelium,  eithei'  of 
the  inner  or  the  outer  surface  of  the  iKxly,  into  tlie  subjacent  tissue. 
From  this  fundamental  form  the  larger  and  more  complicated 
glands  aj-e  to  be  deriveil,  as  the  result  of  contiiiue<l  regular  and 
irregular  o\itgrowth.  While  tlieir  form  presents  great  variations, 
they  are  nniverrfilly  chanicterised  by  the  tranKfommtion  of  their 
terminal  (wrtion  into  a  <luct ;  this  diH'ei-entiation  may  also  appear 
in  the  simple  glamliilar  tnl^es,  and  even  in  the  uniccUuliu-  glands 
(figs.  23,  24). 


FIO.  39.— UniceUnlv  Kl«ndA.  a,  gobl«i 
oellt  from  the  epithelium  of  the  mniUl 
intestine  of  «  vtmobrmte.  f',  unicel- 
IqIm*  cuumeoa*  cUnd  of  Argulna 
vnth  lontf  duct  c,  unioeUular  cuUt- 
noHu  ffbuid  of  insecto  with  ciitieulftr 

llUDi, 
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2.  The  tissues  of  the  connective  substance.     Under  this  term 
there  ni-e  ineludeil  ii  ^n-wit  miiiil*!'  nf  difVert'iit  tissues  which  moiiiho- 

ionlly  i-eiiemblc  wieh  other  in  tlie  pvehence  of  a  great-er  or  less 
unt  of  intercelluhir  substance,  interciihited  between  the  cells  (con- 
nective tissue  corpuscles).  They  connect  iiud  furround  other  ti&sues, 
and  serve  an  Kupportiug  nud  .skeletal  sti-uctures.  The  intercellular 
euliRtaDce  arises  from  the  cells  as  a  ditt'erentiatton  of  the  peripheral 
p.trt  of  their  protoplasm  ;  it  cannot  accoi'diiifrly  l>e  genetically  clearly 
distinguished  fitim  the  cell  membrane  :iud  its  dirtei-euti)ition.s,  which 
we  have  considered  in  connection  with  epithelial  tissue.  The  cell 
wallt-  ali'eady  pi-oduced  by  the  pi-otopbi.«m  miiy  al.so  become  fused 
H"ith  the  intei-cellular  sul)stance,  and  so  coutriVjutP  to  its  increase. 
The  iutereellular  sul)stance  is  usually  .secreted  by  the  whole  jieriphery 
of  the  cell,  and  present*  great  variations  both  in  its  moi'{)hological 
and  chemiciil  chni-actei-s. 

WTien  the  amount  of  intercellular  substJince  is  smiill,  the  tissue  is 

,etl  cdliUaT  or  vehicular  connective  tissue.  This  form  is  found 
Y  in  mtMluste,  molhu)C8,  and 
worms,  and  to  a  less  extent  in  verte- 
bnites?  (notochoifl,  fig.  25),  and  is  not 
hharply  marked  ort'  from  cartilagiuoiu. 
tissue.  Embryonic  I'ounective  tis'sue, 
which  conisists  i)f  closely  jiggi'egiit«<l 
embrA'ouic  cells,  evidently  clof«ly  re- 
sembleti  it. 

JIiKOH«  or  ijelathtolu  connective  tisme 
i*  characterised  by  poKsessing  a  waterj- 
hyaline  and  geliitiiious  mati-ix.  The 
condition  of  the  cells  in  each  case  Is 
different.  Frequently  they  send  out 
delicate,  often  bninched  proce-sses 
which  aniustomose  with  one  another 
and  form  a  network.  In  addition, 
however,  parts  of  the  intercellular 
»utii^tance  may  be  differentiated  into  bundles  of  fibres  (Wharton's 
gelatine  in  the  umbilical  coi-d).  Such  forms  of  tis.sue  ai-e  foimd 
amongst  the  Inveiiebi'atii,  f.tj.,  in  Heteropo<l8  and  Medusa?,  whose 
gelatinous  disc,  in  consequence  of  the  redmrtion  or  complete  absence 
of  cells,  i>>  reduced  to  a  layer  of  soft  or  hardened  connective  tissue 
but  little  different  in  its  origin,  as  u  unilateral  cell  excretion,  from 
cuticular  structui-es  (Hydmid  Meilusa>,  swimming  bells  of  Siphono- 


FiG.  25.— Vffrtebmof  Inn's  ufii  toad  ] 
(kn«rGiSIU.-).    Clk,  aotoobord  oelU  s 
ChS,  notooliord  MieutU ;  Sk^  6kele- 
logc*iin)i8  liKtitu) ;  A*,  spinal  cord. 
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phom).     The  so-called  secret**!  ti.v^ue  of  yowng  Ctenophora,  and  me' 
gelatinous  tissue  of  Medusse  and  Echinoderm  larvje,  into  which  cells 
eventually  migrate,  being   at    fii-st   ahe«nt,  ha«   a  similar  relation 
(fig.  26). 


Pte.  n.— Oeluinons  time  of  RbiwMtami.    F,  6brau  ngtwork ;  Z,  oslls  with 
Z;  the  same  ia  divUion. 

Reticular  connective  tisime  consists  of  a  network  of  star-shaped 
aud  branched  cells,  the  spaces  of  which  contain  another  kind  of 
tissue  element.  In  the  so-caIle<1  adenoid  ti^«uel  which  functions  as 
the  supporting  tissue  of  the  lyniph  glands,  the  contents  of  the  inter- 
cellular spaces  are  IjTnph  corpuscles. 

A  form  of  connective  ] 
tissue  very  widely  scat-  ] 
tei-ed  lUDougst  the  Ver- 
tebi^ates  is  the  so-adled 
Jthriilnr  ctninwUvt  titttit  1 
(fig.  27),     This  consists 
of    a    large   proportion 
of     spindle -shaped,    orj 
also  bmncheil  cells,  and 
of  a  ^olid  intercellular 
substance,  totally  or  par- 
tially  broken    up    into ' 
bundles  of  fibres,  which 
{)os.sesses  the  propei-tv  of 
yielding  gelatine  on  boiling.     If  the  protoplasm  of  the  cells  is  mostly 
or  entirely  used  up  in  the  formation  of  tibi-es,  fibiiout  tisstie  is  procluced] 
with  nuclei  in  the  position  of  the  original  cells.     Very  often  the 


Fio.  t7,— nbrninr  connwtive  time. 
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fibres  have  a  wavy  outline,  and  are  ai-runged  nearly  parallel  to  one 
another  (ligaments  tendons).  In  other  cases  they  ci-oss  one  another 
at  an  unjjle  in  ilirt'ei-ent  du-wtions  (dermis),  or  they  present  a  net-like 
arrangement  (masentery).  Fat  tistsue  consists  of  ordinary  connective 
tissue  in  which  the  cells  ai'e  for  the  most  part  round  and  contain 
greater  or  smallei-  fiit  globules. 

If  the  nonnid  tibrillie  and  bundles  of  tibrillse  be  treate«i  with  acids 
and  alkalies,  they  swell  up,  aud  a  second  form  of  fibre,  which  resists 
these  i-e-<tgenig,  comes  into  view.  The.se  are  the  nhistic  fibres  (tig.  28), 
so  (ulled  because  they  preponderate  in 
tissue  which  is  especLilly  elastic.  They 
present  a  tendency  to  branch  and  to 
form  networks,  and  often  possess  gresit 
strength  (ligiinientum  nitc/itt,  ai-terial 
wall).  Tliey  may  also  be  sprejid  out  and 
connected  together  so  as  U)  form  a  perfo- 
rated membrane  (fenestrated  membrane). 

Cartilage  is  another  form  of  connective 
ae.     It  is  cliHiitcteri?.e<l  by  the  shape 

its  cells,  which  are  usually  spherical, 
and  its  firm  intercellular  substance.  The 
latter  contains  chondrin,  and  determines 
the  rigidity  of  the  tissue.  Externally, 
cartilage  b  covered  by  a  vascular  connective  tissue-coat,  known  as 
the  perichondj-ium.  When  the  intei-cellular  substance  is  very 
slightly  developed,  we  get  tissues  which  are  ti-ansitioiuil  to  the  cellular 
connective  titi.s»e. 


Fio.  28.-  Eliwlic  fibres,  a; 
6,  network. 


■ngi:  with  cclla.    i,  Fibro-outiliige. 


According  to  its  special  constitution,  three  kinds  of  cartilage  may 
be  distinguished,  viz.,  hyaline  (fig.  29,  a),  fibrous  (fig.  29,  6),  and 
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elartif  cartilage  ;  the  latter  contfliuiug  ii  network  of  elatttic-  fibres.' 
There  are  also  int«rmediat-e  forms,  approxiimiting  to  the  tibrill/irj 
connective  tissue,  in  which  cartilage  cell*  may  l>e  suiTounded    \>j\ 
bundles  of  connective  tissue  fibit*.     The  celb<  an?  pliu-ed  in  spaces,  ] 
which  are  nsmilly  round,  in  the  intercelhilar  substance,  and  ui*  sur-j 
rounded  by  firm  layers  which  are  sejmnited  oft"  fwm  the  latter,  andj 
have  the  appeanince  of  capsules.     These  so-called  cmtilage  capsules] 
were  formerly  looke<l  ujnm  lis  the  membiuues  of  the  cju-tilage  cells, 
analogous  to  the  cellulose  capisules  of  plant  celLt ;  a  view  of  them 
which   is  not  in  any  way  opposed  by  what  is  known  ti.s  to  their  i 
development   as   secretions   of    the   protoplasm.     Neverthele.-is,    the' 
capsules  stand  in  closei-  relation  to  the  earlier  formed  intercellular 
substance  which  has  Ijeen  produced  in  the  same  way,  in  that  they 
often  fu.se  with  it.     Tlie  gj-owth  of  the  cjirtilage  is  jiccordingly  in  the  I 
main  interstitial.     We  frequently  see  in  the  sjiaces  in  the  cartil/»g8 1 

seveinl    geuemtions    of    cells 
surioundeil  liy  special  otpsule*  | 
place<l    one  witliin  the  other. 
In  such  ciujes  the  .-iecreted  cap-  I 
sulee  have  remained  separiita  , 
from    the    intercelluliu-     sub-  ] 
stance.     Certain  kinds  of  car- ' 
tilage,  moreover,  liave  sjundle- 
shn|ied   cells,   and    sometimes 
the  cells  lire   prolonged    into^ 
numerous  radiating  processee. 
Calcareous  salts  may  also  be  de])Osited  in  the  intei-cellnlar  substance! 
in  a  greater  or  less  quantity.      In  this  wiiy  ari.ses  the  so-calle<l  in- 
crusted  cartilage,  or  the  cartilage  Ixme  (tig.  30),  which  in  the  sharks] 
is  p^e^ent  aj»  a  pei-sistent  form  of  skeletal  tis.sue.  but  in  the  higher 
vertebrnteRonlyas  a  transitional  structure.    Cartilage  owes  it.-  sjiecial 
usefulness  as  a  skeletal  ti.s.sue  to  its  rigidity.    It  is  sometimes  found  in  | 
the  Invei-tebrata    (CephalojxMla,    tubicolous  worms  such  as  Saliella. 
Coelentenita).  and  very  generally  in  the  Vei-tebnita,  whose  skeleton 
always  contains  a  certniu  anumut  of  cartilage,  and  in  tishes  may  be 
exclusively  constituted  of  it  (oirtilaginous  fishes). 

Osxeoiu   lisfiif  po8se.s»es  u  still  higher  degree  of  rigidity.     The 
intercelluliir  sul»tance  is  sti-engthened  and  hnrdene<l  liy  the  depiwi- 
tion  of  carlx}uat«  and  phosphuto  of  lime,  while  the  cells  (the  80-C5\lled 
bone  corpuscles^  possess  numerous  fine  proces-ses  which  anastomose  I 
with  each  other  (fig.  31  a,  h,  c).     The  cells  occupy  spaces  in  the  com- 


Vis.  se.— luvruuedMTUUiffe,  or  cartlUse  bone. 
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ct  inteiveUuLu-  suljstance,  which  is  also  tmversed  b)'  uumerouK 
iiuklh,  known  or  Hiivensiuu  ainalN.  Tliette  contain  the  nutritive 
iotxl-vehsels  and  con-esiiond  exactly 
theii-  couree  ftud  bmnchings 
the  latter.  The  iutercellnlai- 
abstiince  consLsts  of  laniellii',  wliicli 
oriunged  concentrically  round 
canals.  The  Havei>iaji  caniils 
e^n  on  the  surface  of  the  bone, 
wliich  is  covered  by  n  vasculai-  and 
^—pervous  connective  tissue  layer, 
^^BDOwTk    )Ut    periu^teiuu,    and    open 

into  larger  spaces  (marrow  spnces),        ■  ^^^^g^B^^^£:lST  O 
which    in   the    long    >>one&   occupy 

be    axis    of    the    bone,   but    in    the    Fio.  Slu.—Iinniritadinitl  Motion  thrnuKhn 
„    „.     u„    „       I,    ..  ;„„  „,i  long  hone  (Bftw  KSlliker).     O,  Hiiver- 

ongj    bone*    hiive    an    iiTegulai'      siaucttimL 

ril)ution. 
In  n  Kecond  form  of  u.sseriu8  tissue  tlie  cells  tliemselvet*  remain  in 
lie  outer  piui,  of  the  excreted  intercellular  substance,  and  only  tlieir 


Fig.  31A.-  Tranftveree  section  Lhmuffh  h  lunff 
Inae  (nfter  Ki'lUkcr).  K.  Ixini.  rirpiuclea ; 
O,  Hiiveniiin  rniwls ;  L,  IniuellR'. 


Fig.  31o. — JT,  »«i)itceii  coutainiug  the  bone 
corpiucle»  and  their  |jroce«i#e» — Ibey 
open  into  the  Hnver»liui  cruaI.  Sr 
(afwr  Kolliltcr). 


lunieroua  piwesaos,  which  run  parallel  to  one  another  and  are  of 
At  length,  are  euibedde<l  in  it.  The  intercellular  substance, 
rliich  L«i  haixlened  by  the  deposition  of  caleareou.s  salts,  is  therefore 
ivei-sed  by  a  gi-eat  nuuilver  of  fine  tubes.  It  is  dej>osited  on  one 
ie  only  of  the  ceUs,  and  in  its  origin  recalls  the  hard  carHi>ace 
the  CiiiBtacea,  which  is  similarly  tmversed  bj'  prolongations  of 
lis. 
This  kind   of  osseous  tissue,  traversed  by  tine  parallel  tubes,  is 
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found  ui   OKs^ous   (iKhas,  ami   quit«!  universally  as  the  dentine  of 
teeth  (fig.  32). 

With   regard   to  its  development 
p  bone  is  pi-ecetloil  by  soft  connective 

••■-'116  or  by  cartilage.     In  tho  fi: 
• ,   it    develops   by   the   transf( 
luittion     of     the     coniiective     tissue 
cells   into    bone   coipu.srles  and    by, 
the  hiirdening   of    the   interuediat 
''—lie.      More   frequently   it   is  pre- 
.  I  .li'd  by  cju-tilage ;  and  this  holds  for 
a  great  part  of  the  vertebrate  skele- 
ton.    Formerly  gitsit  importance  wi 
att4w:hed  to  this  dift'ei-ence  in  the origi 


'ue^^ 


7lo.  Si.~  Hoctioii  ihmu{{b  Uie  root  of  % 
locitb  (iiflcr  Kulliker).  O,  cement ; 
J,  lutcrtflDbulu-  >imoeii  i  D,  dentine 
wilb  ilcnliiiaJ  luliea. 

of  bones  ;  and  a  primary  wok 
disting>iishe<l  from  a  second- 
lu-y  method  of  Ixine  develop- 
ment       In    reiilitv    tho    twci  '''"•  *"""*  '*^""   ">'  o»iWii«  cMtitaee 
ment.       Ul     reality    tne    two       ^^^^     «.  Smuller  mnrrw  .p«oe» pta«d  in 

pi"oce(«>es  refiemble  ea<'h  other     cnrtiinKOi  *.  'li'uj.  w'»>  oeii*  of  tiio  cnrtiii 

marrow ;    r,  rcuiniua  of  tho  aUciflcl  cftrtili 
>l,  liirser  nuuTOff  <paee«  \  •,  oatcobUut*. 


closely.       For    in  the    latter 
aiHe,  in  conjiinctiou   \«'ith    a 

precedent  ilepositiou  of  lime,   and  p<irtial  destruction  nr   i-eduction 
of   the   cartilage,   theii<   is   u    new  fomuition    of   a   soft  oonnectiv 
ti88ue-6ubHt4knce  (osteogenic  substance)  from  the  centre  outwards,  tl 
cfllH   (iiKteobliLKts)  of   which  give  rise  to  lione  corpuscle*,   ajid   the 
intermefliate  tis.sue  becomes  the  hnnl  basis  of  Iwne  (tig.  'i'X).     More-, 
liver,   oirtilage  bones   grow  in   thickneaa  at   tlie    expen.se  of 
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Fio.  31(1. 


-Mynbluu  of  »  MediuM 
(AurelU). 


^f^^Meam,  the  oonnective  tissue  of   which  i<t  ilirectly  tninsformed 
taUi  bonv  s-n))st4inrt'. 

3.  Muscular  tissue.    We  ascribe  the  piojjerty  of  contractility  to  the 

aplasm  it«elf  uf  the  active  cell ;  but  we  ob^rve  that,  even  in 

\iv  ix-otopliisniio  body  substance  of  the  Infusona,  a  striatal  arrange 

b>ntobtiuas  in  tho-^  parts  in  which  the  contractile  function  especially 

By  n  similar  dirtei-entiation  of  the  protoplasm  certain  celk 

ad  aggregations  of  cell«  possess 

u   much   highw    <legi-fe    the 

of  coninu'tility,  antl  give 

to    the    flo-calle<l    muscular 

e  which  ser\-e.-i  excluMvely  for 

Bovement.      At  the  moment  of 

ieir  activity  these  cells  undergo 

,  change  of  shape  ;  they  become 

li'irtf r  and  bi-oarler   than   when  at  i-est. 

In  numy  CVvlenterata,  cells  are  found  in  which  a  part  only  of  the 
bll  is  developed  into  a  contractile  fibre.     It  ia  the  deeper  parts  of 

s>ich  cells  whic'h  give  rise  to 
delicate  muscular  fibres  or  net- 
works of  fibres,  whUe  the 
superficially  placed  Ixxly  of 
the  cell  ^  (myoblast),  the  part 
which  pitxluces  the  above, 
l>ei-forms  other  functions,  and 
usually  bears  a  cilium.  In 
c-onse<|uence  of  their  epithelial- 
like  arrangement,  the  myo- 
blust.s  i-ec-eive  the  name  of 
muscle-epithelium  (fig.  34  a, 
/)).  In  their  furthei-  develop- 
ment the  gi-eatest  part  of  the 
1*11  protoplasm  appeaiN  to 
give  rise  to  contractile  muscle- 
substance  ;  and  sometimes  the  whole  cell  l)ecomes  elongated  into  a 
muscle  fibre. 

Two  kind>  of  muscles,  which  are  moi-phologically  and  physiologiaiUy 
diiTerent,  are  to  lie  distinguLslted,  viz.,  the  gnwolh  iiiu9cle»,  or  con- 
tractile fibre-cells;  and  the  croat-striped  inuscl«-«nbst<inct. 

•  TUtsc  cells  have  l>cen  enllnJ  neiiro-niiiJ.uular  cells  ;  n  misleadinj;  term,  since 
it  mnoot  bo  shown  that  they  have  hod  anything  tu  do  with  the  origin  of 
ganglion  cells. 


Vit,     m.  -MK- 


.li-i.l.lnt  luiin    il  il  MflilMl 

(Aarelln). 
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lu  the  first  i'«he  we  have  to  do  \rit.h  fliit,  sjiimlle-shaped,  or 
6ha])ed  elongated  cells,  iind   with  layei-s  of  siu-h  cells.     Tliey 
slowly  to  nei-vous  8tiiuuli :  they  enter  the  comiitiou  of  contract iou 
graduiilly,  and  reumin  contmctetl  for  some  time.     The  contract, 
hubstance  iip^ieni'^  for  the  most  jmit  to  be  hoiuogeneous,  but  it 
8onietiuie»  lougitudiunlly  striated.     The   ^^mooth   muscles    Live  tl 

widest  di!<tributioD  amongst  the 
Iuvej-telii-!)ta  ;  but  they  are  also 
found  in  vertebmtes,  in  the  walls 
of  nuiuei-ous  organs  (vessels,  du 
of  glantU,  intestinal  wall)  (tig.  35 

Cro»»-Btriped    muscle   oonsi 
of  cells,  more  f  i'e<iuently  of  multi- 
nucleate*! bC>-cjiUed  jii-iiuitive  bun- 
dles.    It  is  cluuiictei-ised  by 
partial   or  complete  transform 
tiou  of  iUi  protoplasm  into  a  ci 


iou 

i 

the 

Iw 

alls 


Fio.M— a.  I'rimltiTeflbiT.  i.prMMiWp*! 
miuclo  niiiv  (pnmltii-i'  tniude  limidld 
of  LiK'crtJi  with  ner\'e  t^nmuntton. 


r>6.  Si.  -a,  tincKiili  mntclr  flliro  tvolnicd.  t, 
piece  f'f  HI!  mtcT}-  (iift«i'  Fro; ) ;  1,  nuwr 
connective  tiMue  Inyrr ;  3,  rhp  mbldie  Injvr 
turtiie«l  nf  nuii^itb  mit>c)o  filiref ;  3,  uni.-nn- 
cleaitfd  iutier  Injri'. 

striped    substanre,    consisting    of 
special  doubly  i-efracting  element!' 
(wfcous   elements)    counecte*!    to- 
gether Viy  a  bimply  refracting  inter- 
mediate fiubstance  (fig.  36,  u,  I). 
Pliysiologically,  this  form  of  mus- 
cular   tissue   is    characteriseil    by  the    energetic   and    considerable 
contraction  wliich    immediately   follows   its  excitation,    a   property 
which  »t)udei"s  it  esitecially  suitiilile  fnr  the  itirrying  out  of  powerful 
movement.s  (muscle**  of  vertebmte  skeleton). 

In  the  simplest  caoe^  the  croseHitrii)ed  tibrillte  aiv  produced  by  the 
dee|ier  ]>rtits  of  the  niyobla.sts,  which  form  a  c>)utiuui:ius  flat  siu-fnce 
VpUhflium  (musi'le  epithelium)  alxjve  the  layer  uf  delicate  fibres 
(ftlednsn-  and  Siphonophum)  (fig.  34  6).    In  the  higher  animals  they 
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from  the  transformation  of  a  gi-eater  quantity  of  protoplasm , 

ao8t   the  whole  contents  of  the  cell  are  concerned  in  their 

R;irely  the  cells  remain  single,  and  never  nci|uii'e  more 

one  nucleus,  so  that  the  muscle  is  compo)«d  of  only  a  single  cell 

e  muscles  of   Daphna).     Sometimes  the  cells  become  elongate<l 

long  fibi-es,  the  primitive  bundles  ;  the  nuclei  at  the  sixine  linie 

increase   in   number,  and   a   membrane,   the   sai-colemmii,    becomes 

veloped  on  the  outer  surface  of   each  tibre.      More   freqjiently, 

iwever,  the  primitive  bunilles  arise  by  the  fusion  of  seveiiil  celk 

ed  in  a  row.     Either  the  nuclei  come  to  lie  close  to  the  siu-co- 

ma  in  n  peripherally- placed  layer  of  tinely  granular  protoplasm, 

or  they  are  an-anged  in  a  row  in  the  axis  of  the  (ibi-e  in  some  finely 

granular  non-w>ntractile  protoplitsm.    The  liner  and  coai-ser  muscular 

ndles  are  ctimposed  of  many  primitive  Ijundles  (fibres)  placed  close 

igether  and  held  together  by  connective  tittiue.     The  fibrillation  of 

the  muscular  bundles  correspf.iuds  t<j  the  dii-ection  of  the  primitive 

dies  (muscles  of  Vertebrata).     Finally,  both  the  simple  cells,  and 

le  multi-nucleated  muscles  which  arise  fi«m  them,  may  be  branched 

eart.  of  Vertebruta,  intestine  of  Aithropods,  etc). 

4.  Hervoas  tissue.     As  a  rule,  nei-vous  tissue  is  found  with  mus- 

tissue,  and  is  the  means  by  which  stimuli  are  conveyed  to  the 

iter;  but  aliove  all,  it  is  the  ^ent  of  sensiition  and  the  will.     With 

;:ipj  to  this  impoi-tivnt  function  it  woidd  appear  pi-obable  that  in 

ylogeuy  the  elements  of  nervotts  tissue  have  not  arisen  in  con- 

tion   with   muscular   tissue,  but   in   connection  %^'ith   the   sense 

lis  found  in  the  skin,  ('.<;.,  ditfei-entiated  Exitoderm  cells,  and  that 

icn,   stUl    remaining   connected  with    the    sense-cells,   they   have 

ivelled   inwai-ds  into  the  subjacent  tissue  ;  while  the  connection 

ith    the    muscle-cells,    which    at    fii-st    possessed   an    independent 

tability,  is  only  secondary. 

Nei-ve-tissue  contains  two  distinct  sti'uctui-al  elements,  nerve  cells 

or  ganglion  cells,  and  nerve  fibres ;  both  possess  a  distinct  minute 

.cture  and  molecular  an-angement,  as  well  as  chemical   compo- 

ition.  ' 

The  ganglion  cells  act  as  centres  for  nerve-stimuli,  and  are  found 

ipeciikUy  in  the  centnil  organs  which  are  known  as  biiiin,  spinal 

rrd,  or   simply  ganglia.     They  usually .  possess   a    tinely  granular 

intents,  with  a  large  nucleus  and  nucleolus  and  one  or  more  pro- 

(unipolar,  bipolar,   multi^xjlar,  ganglion  cells),  one  of  which 

the  root  of  a  nerve  fibre  (fig.  37,  n,  !>). 

Frequently  the  ganglion   cells  are   enclosed  in   connective  tissue 
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A*,  which  arc  prolonged  ovei'  tLeii'  prooeaee«  and   so  over 
itBrvo  Ml>n».      Very  generally  several  ganglion  cell*  are   enclo 
lit  A  conimon  Hhisuth. 

Nirrvi'  Hlires  in*  eithtr  centrifugal,  i.e.,  they  carry  nervous  imputHV 
fiiiiii   the  central  organ  to  the  peripheral  organs  (motor,  secret 

ner^-es) ;  or  they  are  centrip 
till,  i.r.,  they  carry  them   fr 
the   j>eripheiT  to  the   ceutr) 
orgiinii  (sensory  nerve**). 
are  pmlongHtioa**  of  giinglii 
cellh,  (ind,  like  them,  are  fr 

b 
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Fio.  **  -Nervo  fll)if«  (pnrtly  »K«r  1 
Sclmlue).  II,  uon-mtdulljtled  nyrnp 
tbclio  fliin.-.  i,  mrdnlliued  fi lines,  ona 
pt  tlicm  commoneing  with  congoUtioii 
of  tJic  &xi»  cylUutcr.  •,  mtilnH^rgd 
nerve  fliire  with  the  theath  of 
fieliwMnii. 


Pio.  37.— a  bipolar  ganfllou  cell,  i,  iienv  cell, 
(rom  tlie  baniiiii  tplruU  conl  (muerior  cumii), 
(iiri«rUerl*rh).    i*,  piinueul  Ixxly. 

queutly  enclosed  in  u  nucleate<l  hheath, 

The    larger   and    smaller    nerves  are 

oom{K)6ed  of  a   numlier  of  mich  (ibres 

bound   together.     Aix-oiiUng    to  the 

minute  structure  of  the  nervous  sntb- 

Btani'e    we  diKtingnish    two  kinds   of 

ner»'e  Hbres — (1)    the  sooiUed    mediillnted    nerves,  with    a   doubli 

contour :    (2)   the    nou-medullated   ni-    nakeil    iixi^   cylinders     (fi^ 

38,  a,  h,  c). 

The  former  are  dirtingiiihhed  by  the  fact  tlwt,  on  the  death 
the  nervo  and  as  the  i-esult  of  wxigulation,  a  strongly  refractili 
fatty  sulmtaiice  which  fnnns  a  sheath  foi'  the  nerve  fibre  come.-;  into 
«BW.  Thi*  tilieath  is  knuwu  a*  the  medullaiy  sheath,  and  the 
o-ntral  filire  u  the  axi*  cylinder,  Tl>e  medullary  ehefith  disappears 
near  the  ganglion  cell,  the  axif>  cylinder  only  entering  the  piDtoplasnj 


3 


OBOA>'I£ATIOX   USD   D£T£LOPlrl£KT  OF  ANIMALS   DT   OENEBAL.      47 

of  the  latter.     They  possess  in  addition  an  outer  sheath,  known  as 
ie  iiheuth  of  Schwann  (ceiflnti-apiniil  nerves  of  most  vertebrates). 
In  the  second  form,  i.e.,  in  the  non-me<hillHted  nerve  tibi-e^i,  tlie  me- 
sheath  is  abttent,  the  iucL$  cylinder  bein^  either  naked  or  8ur- 
Dund(^  by  a  connective  tissue  sheath.     Tlie  axis  cylinder  hei-e  also 
cf>nnected  with  a   ganglion  cell  (sympathetic   uei"ves,   nerves  of 
cloetomata  and  Invertebrates).     Very  often,  however,  and  this  is 
illy  the  case  with  sense  nei-x'es,  we  Kud  that  the  axis  cylinder 
»y  bi-euk   up  int(.>  very  fine  nerve  tibrilUe,  and   be,  so   to  speak, 
olved  into  it«  elements. 
Finally,    the  nerves  of  In- 
veitebi-ates  ven'  often  apjiear 
a»   finely   striated  bimdles   of 
fibrillw,  in  which,  on  account 
of  the  absence  of  a  sheath,  it 
not    possible    to    i-ecofrnise 
limits   of   the   individual 
cylinders. 
Periphemlly     the     sen.sorj' 
res  become  connected  with 
ory    structnres    (end-or- 
»ns),    derived    usually    from 
pithelial  cells  and  their  cuti- 
prwluct**,  or  rai-ely  fi-om 
Bnnective    tissue     suljstance 
Tactile    organs).      The    end- 
ure  therefore   for  the 
|»rt  derived  fi-oni  modi- 
epithelial  cells   (sensory 
ei^ithelium).      Gimglinn    cells 
fivquently  found  inserted 
the   course  of    the   nerve 
bres  close  to  their  termination 
,39,  a,  l,,c.) 


Fici.  30.— Boil-abaped  udm  csIIf  from  the  olftc- 
torj-  organ  (iifWr  Muc  Sohaltio).  a,  from  the 
froK  i  St,  iut>|>ortlug  cell  between  two  cUlaicd 
rod-ceU*.  ft,  from  man.  r,  from  piko.  Pro- 
Iwble  cnaueciion  between  tlie  nerve  fibrilla 
nnd  the  flcnte  coUh. 


^CREASE     IN    SIZE    AKD    PROGRESSI\'£    DIFFERENTIATION,     DIMSION  .OF 
LABOUR   AND    PERFECTION. 

The  liiwost  organisms  pxissess  neither  tissue*  nor  organs  formed 

BW  cells.     The  whole  organism  consists  of  a  .single  cell.     The  Imdy 

«ucb  an  auinml  is  composed  of  protoplasm,  and  its  skiti  of  the 
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oi'U  TOWubrane.  The  latter  is  often  without  tui  opening  for  the 
entrance  of  solid  bodies  ;  the  entnince  of  food  being  entirely  effected 
by  endrminosis.  In  siich  cnses,  «.</.,  in  the  Gregnrines  and  jmnudtic 
Opalines,  the  outer  body-wall  sutHces,  like  the  membrane  of  the  cell, 
for  the  performance  of  s\ich  vegetative  functions  ajs  the  absorption 
of  fowl  and  the  i-emoval  of  the  excretory  products.  The  proto]>ln.sm 
(Sarcode)  constitutes  the  body  parenchyma,  and  is  the  seat  of  the 
animal  and  vegetative  vital  activities. 

Accoi-dingly  there  results  a  definite  connection  between  the 
functions  of  the  peripheral  layer  and  of  the  included  mass,  in  which 
the  proccsises  of  animal  iind  vegetative  life  are  oirried  on.  Tliis 
oonnectioQ  pre-supposeN  a  definite  relation  between  the  superficial 
Hrea  of  the  surface  and  the  size  of  the  mass,  and  this  relation  clianges 
ais  (growth  pi-oceeds.  For  while  the  surface  increases  by  sqtiai-es,  the 
tnass  increases  by  cubes ;  while  the  miiss  increases  in  three  dimentdonK, 
the  sui-faoe  only  inci-enses  in  two,  anil  therefoi-e  as  growth  pjrJceejLs 
the  relation  changes  to  the  di.s«dvantage  of  the  hitter.  In  other 
word.s,  with  increase  of  size  the  superticial  ai-ea.  becomes  relatively 
smaller.  Finally  it  lx>comes  relatively  so  small  that  the  vegetative 
processes  cannot  be  carrie<l  on,  and  it  in  necessary  for  the  mainte- 
nance of  life  that  for  a  given  eu6rgy  of  life  it  should  l>e  increased 
by  the  production  of  new  surfaces. 

Til*  holds  not  only  for  the  simple  unicellular  organisms,  which 
resemble  cells  in  theu-  nutritive  pit>cesBe8,  but  also  for  cells  them- 
selves whoso  size  never  exceeds  certain  fixed    limits.     Purthei", 
the  organism  increases  in  size,  not  only  does  it  ilivide  into  seve) 
cells,  lint   these  cells  aminge  themselves  in  such  a  way  as  to  gi 
the  lurgest  possible  extent  of  surface.     The  cellular  organism  nocoi 
ingly  acquires  not  only  an  outer  but  alto  an  inner  surface  on  which 
the  cells  are  arranged  in  a  rfgiilur  layer.     With  the  appeaiivnce 
an  inner  surface,  a  division  of  laKiur  is  established.     The  outer  layi 
carries  on  the  animal  functions  and  such  vegetative  processes 
those  of  i-espiration  and  excretion,  while  the  inner  (digeitive  eai 
servjij'or  Uie  reception  and  diijetlion  of  food. 

We  thuH  not  only  see  that  inci-ease  in  size  mus-t  be  awxniipanii 
by  an  increase  in  the  complexity  of  organization,  but  also  bring  oi 
at  the  Ninie  time  the  essentiid  chai-actoristics  of  iininial  organizatioi 

Tlu<  tiumejuits  cells  developed  from  the  origiiiul  simple  organism 
wei-e  at  first  equivalent  to  one  another,  and  all  endeavoured  to  take  u] 
(I peripheral  jK)sitinn  (colonies  of  Pi-otozoa —  Volvox —  Blii.stosphaM*)  ( fi, 
40,  a,  h.)     Then,  in  consequence  of  the  neods  of  the  growing  organi«: 


em- 
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it  became  necessary  that  they  should  be  divided,  so  as  to  bound  two 
surfaces,  into  an  ezteiTial  and  an  internal  layer ;  the  one  forming 
the  outer  wall  of  the  body  and  known  as  ectoderm,  and  the  other 
lining  the  central  cavity  (digestive  ^y 

cavity)  known  as  endoderm ;  th&se 
two  layers  being  continuous  with 
one  another  at  the  opening  of  the 
central  digestive  cavity,  or  mouth 
opening  (fig.  40  c).  The  cells  of 
the  two  layers,  in  cori'espondence 
with  the  difl'erence  in  their  function, 
possess  a  different  structure.  Tho»e 
of  the  outer  layer,  which  carry  on 
the  animal  functions,  are  usually 
cylindrical  ciliated  cells  containing 
a  pale  albuminous  substance ;  those 
of  the  inner  layer  are  more  rounded 
and  of  a  darkly  gi-anular  aspect; 
they  may  also  bear  cilia  for  the 
movement  of  the  contents  of  the 
cavity  which  they  line.  In  actual 
fact  w^e  find  this  form,  which  from 
a  physiological  standpoint  is  the 
simplest  organism  with  cellular  dif- 
ferentiation that  we  can  conceive 
of,  realised  in  the  two-layered  "  gas- 
trula,"  which  appears  in  the  de- 
velopment of  almost  all  groups  of 
the  animal  kingdom  as  a  free- 
swimming  larva,  and  to  which  the 
adult  sexually  mature  Coelenterate 
closely  approximates. 

As  the  organism  increases  in 
size,  additional  complications  ensue. 
These  result  partly  from  a  still  fur- 
ther increase  of  surface  brought 
about  by  secondary  invaginations 
and  partly  from  the  appearance  of 
some  intermediate  tissue  placed  be- 
tween the  two  primary  layers.  The  secondary  invaginations  perform 
special  functions  and  give  rise   to  glands;   while  the   intermediate 

4 


Fig.  40.— a,  Cell  colony  of  yonng  Vofvox 
OlobatoT  (after  Stein).  6,  Blaetospbero 
Btago  of  an  Acalepha  larva  {^AureVm 
Aurita).  e,  Gastnila  stage  of  b;  Ec, 
Kctoderm;  En,  Eorloderiu;  o,  Blaato 
pore  (mouth  of  Gastrula). 
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tissue,  developed  from  one  or  both  of  the  piimary  layers,  primitively 
serves  as  a  support  for  the  body  and  foi-ms  the  skeleton ;  and  it  also 
gives  rise  to  muscles  which  increase  the  organism's  power  of  move- 
ment and  apply  themselves,  on  the  one  hand,  to  the  ectoderm 
(somatic  muscles),  and  on  the  other,  to  the  endoderm  (splanchnic 
muscles).  Between  tlje  primaiy  layers  of  the  body  there  is  primi- 
tively pi-esent  a  space,  the  primary  liody  ciivity.*  Subsequently  a 
second  space,  developed  as  a  split  in  the  intermediate  tissue  may 
appcitr,  giving  rise  to  the  secondary  body  cavity.+  From  the  latter 
the  vascular  system  is  developed. 

Contcmpoiuneously  with  the  appearance  of  muscles  a  nervoits 
system  is  usuiilly  differentiated  from  modified  cells  of  the  outer  layer. 
Outgi-owths  from  the  lx)dy  also  ai-e  developed,  which  may  have  either 
a  radiate  or  a  biliitenil  arrangement.  Thej'  take  the  form  either  of 
organs  of  nutrition  (gills)  originating  from  the  need  for  an  increase  of 
surface,  or  of  organs  of  prehension  and  movement  (tentacles,  limbs). 
The  increasing  complexity  of  organization  depends,  therefore,  not 
only  upon  the  extension  of  the  surfaces  eiulowe<l  with  vegfetative 
functions,  and  on  the  appearance  of  the  organs  of  animal  life,  but 
also  on  a  progressing  process  of  division  of  labour ;  which  results  in 
a  clearer  and  more  definite  localization  of  the  various  functions, 
necessary  for  the  maintenance  of  life,  in  special  organs.  The  greater 
this  specialization  the  more  completely  will  each  organ  be  able  to 
discharge  its  special  functions,  and  supposing  a  proper  co-ordination 
l)etween  the  working  of  all  the  organs,  a  great  advantage  accru« 
to  the  organism,  which  is  thereby  rendei-ed  capable  of  a  higher  and 
more  complete  life.  Therefore  we  find,  as  a  general  rule,  that  the 
larger  the  ImhIv  and  the  more  cromplex  the  organiztition,  the  higher 
and  more  perfect  is  the  life.  In  this  relation,  however,  the  form  and 
arrangement  of  the  organs  which  characterize  the  various  groups 
(types),  as  well  as  the  special  conditions  of  life  which  are  limited  by 
them,  must  Ixj  taken  into  aaiount  as  compens;itiiig  factors. 

CORHKLATIOX  AND  CONNECTION  OF  ORGANS. 

The  organ.s  of  the  animal  Itody  stand  in  a  mutually  limiting  rela- 
tion to  ouo  another,  not  only  in  their  form,  size,  and  position,  but 
also  in  their  actions ;  for  since  the  existence  of  an  organism  depends 
upon  the  blending  of  tlie  individual  pci-formances  of  all  its  organs 
to  a  united  mariifestation,  the  various  parts  and  organs  must  all,  in 

*  Usually  known  as  segmentation  cavity. — ED. 

t  Usually  known  »«  '•  boiiy  cavity,"  or  '■  civlom." — En. 
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a  definite  and  regular  manner,  be  adjusted  and  subordinated  to  one 
another.  This  relation  of  dependence,  necessarily  resulting  from  the 
conception  of  the  organism,  has  been  very  suitably  teimed  "  Corre- 
lation "  of  organs ;  and  many  years  ago  served  for  the  estiiblishment 
of  several  principles,  the  cautious  application  of  which  hus  been  of 
great  service  to  the  comparative  method. 

Each  organ,  in  order  that  it  may  properly  discharge  the  functions 
which  are  requisite  for  the  maintenance  of  the  entire  machine,  must 
comprise  a  certain  number  of  working  units,  and  consequently  must 
have  a  certain  size  and  possess  a  form  dependent  partly  on  its  func- 
tions and  partly  on  its  relation  with  other  organs.  If  an  organ 
becomes  abnormally  enlarged  it  increases  at  the  expense  of  the  sur- 
rounding organs,  and  the  form,  size,  and  function  of  the  latter 
become  injuriously  modified.  It,  in  fact,  led  Geofi¥oy  St.  Hilaire  to 
enunciate  the  "  principe  du  Ixthmcement  des  organes" — a  principle 
which  was  not  at  first  generally  accepte<l,  but  which  enabled  tliat 
investigator  to  establish  the  doctrine  of  "  Abnormalites  "  (Teratology). 

The  organs  which  are  physiologically  similar,  i.e.,  organs  which  per- 
form in  general  the  same  function,  as,  for  instance,  the  t«eth  or  the 
alimentary  canal  or  the  organs  of  movement,  undergo  great  and 
various  modifications;  and  the  particular  methods  of  nutrition  and 
habits  of  life,  as  well  as  the  external  conditions  which  must  be  ful' 
filled  if  the  life  of  any  particular  genus  is  to  continue,  depend  upon 
the  special  arrangement  and  action  of  the  individual  organs.  Qiven 
therefore  the  speciitl  form  and  arrangement  of  a  particular  organ  or 
part  of  an  organ,  it  is  possible  to  arrive  at  conclusions  concerning 
the  special  structure,  not  only  of  many  other  organs,  btit  even  of 
the  entire  organism,  and  to  reconstruct  to  a  certain  extent  the  whole 
animal  so  far  as  its  essential  features  are  concerned.  This  w.os  first 
done  by  Cuvier  for  many  extinct  Mammalia,  with  the  aid  of  scanty 
fragments  of  fossil  bones  and  teeth,  in  a  masterly  manner. 

If  we  regard  the  life  of  the  animal  and  its  maintenance,  not  as  the 
result,  but  as  the  end  sought,  as  the  aim  of  all  the  special  arrange- 
ments and  actions  of  the  individual  organs  and  parts,  we  are  led  to 
the" principe  des  causes  Jinales"  {des  conditions  d'existeiice)  of  Cuvier, 
and  consequently  to  the  so-called  teleological  doctrine  by  which  we 
certainly  do  not  attain  to  a  mechanico-physical  explanation.  However 
that  may  be,  this  theory,  if  it  be  regarded  merely  as  an  expression 
of  the  reciprocal  relations  which  necessarily  exist  between  the  form 
and  function  of  the  parts  and  of  the  whole,  and  not  in  the  Ouvierian 
sense  as  impljdng  the  existence  of  design,  renders  important  and 
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iiiiliMpcDBable  service  to  the  understanding  of  the  complicated  corre- 
liitioiiH  imd  the  harmonious  adjustments  in  the  organic  world. 

Tho  Hiime  plan  of  structure  and  armngement  of  the  organs  is  not 
found,  as  Geoffroy  St.  Hilaire  asserted  in  his  theory  of  analogies, 
in  the  whole  animal  kingdom  ;  but,  on  the  contrai-y,  there  are,  as 
C'uvicr  stated,  tevci-al  plans  of  organization  or  tt/pes.  The  term 
"  Tvj)e  "  was  applied  by  Cuvier  to  the  chief,  i.e.,  the  most  compre- 
hensive and  general  divisions  of  his  system;  and  each  type  was 
distinguished  by  the  sum  of  the  characters  of  its  form  and  structure. 
In  the  essentiiil  characteristics  of  their  structure,  the  higher  and 
lower  members  of  the  same  typo  agi"ee,  while  in  the  unimportant 
details  they  present  the  most  marked  differences.  Tlie  different 
types  themselves  do  not  repre.<ent  absolutely  isolated  gi-oups,  nor 
gix)ups  which  are  exactly  equivalent  to  one  another,  but  in  a  greater 
or  less  degree  they  are  related  to  one  another  ;  this  is  evident  after 
an  examination  of  the  lower  forms  and  a  careful  comparison  of  the 
developmental  histories. 

To  morphology  belongs  the  task  of  pointing  out  the  identity  of  plan 
under  the  most  diverse  conditions  of  organization  and  habits  of  life, 
not  only  among  animals  of  the  siimo  group  but  also  between  those  of 
different  groups.  This  science  has  for  its  object  the  determination 
of  homologies,  as  opposed  to  analogies  which  concera  the  similarity 
.of  function,  i.e.,  the  physiological  equivalence  of  organs  found  in 
different  groups,  e.g.,  the  wing  of  a  bird  and  that  of  a  butterfly.  That 
is  to  say,  it  has  to  trace  back  to  the  same  primitive  structure  parts 
of  organisms  belonging  to  the  sa,me  or  different  groups,  which  with 
a  different  structure  and  under  deviating  conditions  of  life  discharge 
different  functions ;  as,  for  example,  the  wing  of  a  bird  and  the 
foro-limb  of  a  mammal ;  and  so  to  show  their  morphological 
e(iuivalcnce.  In  the  same  way  the  organs  of  similar  structure  which 
are  repeated  in  the  Ixjdy  of  the  siime  animal,  e.g.,  the  fore  and  hind 
limbs,  are  designated  as  homologous. 

THE  STRUCTURE  AND  FUNCTION  OF  THE  COMPOUND  ORGANS. 

The  vegetntive  orgntis  comprise  the  organs  of  nourishment  which 
are  neces.sary  for  all  living  organisms,  whether  animal  or  vegetable. 

In  the  former,  howevei-,  they  gradually  and  in  the  most  intimate 
connei:tion  with  the  pi-ogres.sive  development  of  the  animal  functions, 
attain  a  higlier  and  more  complicat«d  structure.  In  animals,  the 
i-eception  of  food  is  followed  by  its  dige.stion.  Tlie  substances  to  be 
assimilated,  which  have  been   made  soluble  by  digestion,  enter  a 
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nutrient  floid  (blood)  which  permeates  the  body,  and  is  carried  in 
more  or  less  definite  tracts  to  all  the  organs.  To  the  latter  the 
blood  yields  its  ingredients,  and  receives  from  them  such  decom- 
position products  as  have  become  useless,  and  carries  them  away  to 
be  excreted  in  definite  organs.  The  organs  which  serve  for  the 
performance  of  the  different  functions  of  nutrition  and  excretion 


Fio.  41. — RotalUk  veneta  (after  M.  Schultze)  with  a  diatom  cauffht  in  the  pscudnpodial 

nctworlc. 

consist  of  the  apparatus  for  the  reception  of  food  and  for  its  diges- 
tion, and  for  Mood  formation ;  and  of  the  organs  of  cirenUition, 
respiration,  and  of  excretion. 

Digestive  organs.    Even  animals  which  have  only  the  value  of  a 
single  cell  (Protozoa)  swallow  solid  particles  of  food.    This  is  effected 
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in  the  simplest  cases,  as  in  the  Amoebie  and  Rhizopoda,  by  pi'olon- 
gntions  of  the  sarcode  (pseudopudia)  siirrouxiding  the  foreign  body 
(tig.  41).     Id   the  Infusoria,  which  ore  ctovei'ed  by  u  firm  cuticle 
there  i»  »  central  Kemi-fluid  mass  of  sircode  (endopliism),  which  is 
distinct  from  the  more  compact   periphei-al  layer  of   sarcode  (ect 
plasm),   and   which  receivee  the  nutrient   Riibstiinces  throagfa  the] 
month    nn*i    digests  them. 
Rows   of    larger    cilia    are 
present,  wliich    ferve    the 
purpose  of  procuring  foo«l 
(adonil  ciliate<l  zone  of  the 
Ciliatii)  (tig.  42). 


Pio.  «*.— Stylonyrliia  m)-tJluit 
taftvr  Htaln)  viewed  fmra  tltn 
vciitml  lutrfiico  -,  ll'r.  iidnnil 
jtoiici  of  inldij  C,  coHlractilo 
vnciiiiU:  i>',  uucleuM :  A'.imrlfl 
oluft  limrauiicloaM :  ^,   ttnii*. 


Fin.  in.—Ijuiiffituiliniil  t^cctinn  thnmtfh  tit* 
1i<m1j  of  an  Aiiih'ixrKild  (ih'tttclinln). 
Mt  Ktiimnriiic  luljn  with  thi'  luiiiitb  opuu. 
iiitf  ill  tlio  oiMitrt*  «>f  tbr  feather-Uke  tcalii- 
clei>;   U/,    toownurtc    foliU;    O,   gviiil*) 


Among  the  unimulh  with  cellular  dirterentiation  (Afrtasoa),  th< 
internal  cavity    of   the  btnly    in   the   C'lvlcnlorata  (iinu'jihologiailly 
identical  with  the  nlinieutary  canty  and  not  with  the  body  ca%'ity 
of  other  animals)  functionti  on  u  dig»^tive  cavity,  and   its  ]>eriphei'»l 
radially  arranged  portions  its  a  system  of  vai^nilar  canals  (gast 
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iu«alar  canalit).     In  the  larger  Polyps  (Anthozoa)  a.  tube  derived 

Mm  an  invjigination  of  the  oral  disc  projects  into  the  central  part 

the  digestive  cu\'ity.     This  is  knowu  as  the  stomach  of  the  polyp, 

llhough  it  serves  entirely  for  the  introduction  of  food,  and  should 

'  called  rather  the  buccal  or  (esophageal  t\ibe  (tig.  4.3). 

Organs  for  the  pi-ehension  of  food  are  found  even  witli  this  simple 

ligeittive  syotem.     Fur  neiir  the  motith  are  placed  radially  or  bilate- 

illy  arrangetl  appendages  or  processes  of  the  bo<ly,  which  .set  up 


MA 


9«»r4^— AoreUa  auritA  fteon  frooi  tlio  <>rtt1  »)irfacp.  JI/.4,  tho  fniir  oral  tonlaeles  wiUi  Ihu 
moulb  ia  the  ront.ro  ;  O't,  gcniui\  folilM  ;  f;//,  oponiu^  nf  tbo  j7enila]  pourboA  ;  M\  tmiv- 
jTioa]  iKxlJcs  ;  Jtts,  rtvha]  canul«  ;  T,  tentacles  at  the  margin  of  ibn  disc. 


rents  to  convey  suiiill  pMi'ticles-  of  fotii],  or  a.s  tentjicles  seize  foreign 
lies  and  convey  them  Hi  tiie  mouth  (Polyps,  Me<lutap)  (tig.  44). 
Such  appendagat  serving  for  the  capture  of  prey  may  also  be 
»1iioed  farther  from  the  mouth  (tentaolesi  of  Medusiw,  Siphonophoru, 
Jt'enophoni). 

When  ihii  digestive  cavity  acquires  a  wall  distinct  from  the  body 

rail,  and  ui^ually  se]>arat«d  fi-om  the  latter  by  the  body  cavity  (ex- 

epting  the  [uuenchymatous  worms),  it  appem-s  in  the  .simplest  oases 

I  a  blind  tube,  whiish  may  be  either  simple,  bifurcated,  or  branched 
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(lig.  45),  w-ith  sliarply  marked  olT  pharyngeal  structures  (Trenmtod 
Turlielliiriii),  or  oa  a  tube  communicating  with  the  exterior  by 
iiiuis  (tig.  4G). 

Tn  the  Inst  case  it  becomes  divided  ho  as  to  lead  to  the  di^tincti<)U 
of  tliree  parts — (I)  of  the  fnrc-giit   (ccsophagus)  for  the   receptio^^J 
of  the  food,  (2)  of  the  miil-gut  for  the  digestion  of  the  food,  an^^| 
(3)  of  the  hind-gut  for  the  expulsion  of  tlie  undigested  remains  of 
the  food.     Sometimes  the  alimentary  canul  aborts ;   and,  as  in  tl 
mouthlesK  Protozoa  (Opalina),  the  mouth  opening   may  be  absen 

(Acanthocephall 
Cestoda,  Kbizoci 
plmla). 

In    the     high  el 
animals:,  usually,  aa 
only  is   the  numb 
of    the    division^ 
greater,     but      their 
^hape  and   Ktrui 
becomes    more 
plicated.     Theorgiins 
for  the  seizure  of  food 
also     become      more 
complicated,  and  the 
iippi-ndages       placed 
ueiirest    the    mou 
often  liecome  moditi 
to  Ruli.serve  this  fui 
tion.      A    Hpec 
chamljcr,  the   but' 
cavity,       becomes 
marked  off  fnim  t. 
fore-gut,  in  front  of  or  within  which  hard  structures,  such  as  jaws 
teeth,  for  the  seizure  and  martication  of  the  food  are  jilaced  ( Vei-tebnii 
(rjisti-opfxla);  fliid  into  which  secretions  (salivary)  ha\'ing  a  digesti 
function  are  poured.     The  masticatory  organs  are  sometimes  pi 
i"Oiiipletely  oiitMile  the  Ixxly  in  front  of  the  mouth,  and  consist  of  modi^ 
lied  limbs  (.:\Ttliropo«la ),  which  in  the  panisites  are  metamorphosed  into 
fitructures  for  piercing  and  sucking  ;  or  they  may  have  shift«id  so 
to  lie  entii'ely  within  the  pharynx  (Rotifera,  eirant  Annelids)  or  in 
muscular  dilatjitiou  of  the  posterior  end  of  this  oi-gnn.     At  thi*  phi 
there  is  usually  develope<l  a  widene<.l  chamber,  the  stomach,  which 


Fio.  it.  —  Alimant&rr 
CflOjJ  of  Ditiomum 
hepaticum  (after  K. 
LeQck&ii);  /f.  Hlimen- 
tai7  canal ;  O.  raouih. 


Flo.  M.— AUmentKTjr  ciin*l  "f 
a  younf;  uematoda.  O,  moulh  ; 
Of,  fore-jnit  (a?aup)tnKiii>)  with 
pharynf;e»l  diUtnlKiii,  /'A  .-  I>, 
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repeated  mechanical  action  (masticatory  stomach  of  Cray-fish)  or  by 
the  secretion  of  digestive  fluids  (pepsin)  furthers  digestion ;  or  it 
may,  as  in  birds,  subserve  both  these  functions.  From  the  stomach 
the  food  passes  into  the  mid-gut.  Dilatations  and  out-growths  of  the 
buccal  cavity  g^ve  rise  to  cheek  and 
throat  pouches,  of  the  oeosphagus  to 
the  crop,  of  the  stomach  to  blind  sacs 
which  serve  as  reservoirs  for  the  food 
(stomach  of  Ruminants)  (figs.  47  &  48). 
Id  the  middle 
section  of  the 
alimentary  ca- 
nal,or  intestine, 
the  digestive 
processes,  al- 
ready c  o  m  - 
menced  in  the 
mouth  by  the 
,     I        <  action     of    the 

j^^^s,^  salivary    secre- 

i  ^^^    A  tion   and    con- 

'  ^  ^^^FJ  tinued  in  the 
stomach  by  the 
action    of    the 

pepsin  of  the  gastric  juice  (upon  albumins 
in  an  acid  solution),  is  completed.  The  food 
constituents  which  have  been  so  far  unacted 
upon  (ohyme)  are  in  the  intestine  submitted 
(    -*Tnr?v«?i  J"  ^  *^®  action  of  the  secretions  of  the  liver, 

^  S  J  )l       €  pancreas,  and  intestinal  glands,  and  by  them 

^^  ^^^    ^  converted  into  the  chyle,  which  is  absorbed 

{    ^^  '"^  by  the  intestinal  walls ;  the  albumins  being 

converted,  as  in  the  stomach,  into   soluble 
Fi«.  48.— AiimentaiT  canal  of  modifications    by    the     action     of     trypsin 

xi^.^;^.?C"«tir  (''««'>&'  ^^^^^^^^  ^^^y  in  alkaline  solutions). 
Or,  oDBophagtu ;  s,  Bucidng  The  intestine  often  attains  a  great  length, 
X^^^'aJ^L^^'^^^  a«d  becomes  divided  into  regions  possessing 
a  different  structure ;  e.g.,  in  the  intestine  of 
mammals  three  regions  can  be  distinguished — duodenum,  jejunum, 
and  ileum.      Its   surface  is,  as  a  rule,  increased   by  the  develop- 
ment of  folds  and  villi,  and  sometimes  of  outgrowths.     Amongst 


Vie.  47.— Alimentary  canal  and  ac- 
cessory glands  of  a  caterpillar. 
O,  mouth ;  0»,  oesophagos ;  Sp  D, 
»tlivary  glands;  8*,  spinning 
glands;  UD,  intestine  (midgnt); 
AD,  rectum  (hind  gut) ;  JfO,  Mal- 
pighiau  tubes. 
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the   lnvert.el)iiiUi  it   is  often    possible   to   (listinjruihh   an   ant-«rio 

esjxc'ially  widened  portion  of  the  intestine,  wliicli  receivas  the  hepntia 

seci-etion  and  is  called   stomiich   from  the  posterior,  niurower,  ttxii 

lon<{er  section,  which  is  kuowu  as  intestine. 

The  hindermost  section  of  tbi 
nlinientaiy  canal    or  hind   gu' 
which    is    not    always     sharply 
marked  off  from   the  intestine, 
iii  especially  concerned  with  tb< 
collection   and   repulsic>u   of   th 
undigested  remains  of  the  food, 
or  fteoes.     It   may  also  possem 
ciecal  iippeudiiges  attached  to  i 
iintetior    part,   and  possessinj; 
(liftestive  function.    In  the  low 
nuimals  it  is    a  small  structu 
but  in  the  hi^'her  animids  it  at 
t4iins  a  much  more  consideniblo 
length,    and    i-eceives  anteriorly 
one  (Mnninialia)  or  two  (BirdsV 
ctt-cn,  and  it  may  be  sub-dividedj 
into  two   ])arts  known  as  lar 
intestine    and    recttun ;    in   tfa 
Vertebmtn  its  hind  etid  reoeivt 
the  dticts  of  various  glands  (ki<l«j 
ney,    generative     organs     &<)■■ 
glands).     It  may  in  addition  dis 
charge    other    functions,    e.g., 
respiratoiy  (larvie  of  Libellulidw]! 
or  a  Kecretoi')'  function  (larva 
Ant  Lion). 

Tlie  palivary  glands,  liver,  anj 
pancreas  are  to  1^  regarded 
outgi'owths  of  the  aliiiientiu^ 
canal   which  have  become  diff^ 

rentiated  into  glands. 

The  secretion  of  the  salivary  glands  is  poured  into  the  bu 

oivity,  and  there  iM>rfonus  two  funrtions — (1)  it  dilutes  the  foodj 
(2)  it  has  a  chemical  action  \\\>oji  it,  converting  the  stjirch   int 

sugar :  they  are  absent  in  many  aquatic  animals  and  are  especially 
(Icvelopul  in  herliivorotw  aninnils. 


i 
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Kiu.  <0.— .\linii>ntiir.T  riiiuil  uf  b  liml.  Or, 
lEsaipliklpia ;  A',  crop  ;  Dm.  proTCDIncnlut  j 
Km,  niKiitn) ;  />,  niimll  iiitestiDv ;  /*,  pan- 
rrdu  pl&cerl  in  iUe  Inop  of  tho  iluoiltmum -, 
//,  liviT  ;  f.",  the  two  rn^cn;  f,  urotrr  ;  Or, 
ovultirl ;  J't,   hirgv  mtoslinc;  A"',  clonru. 
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The  liver,  distinguiithcd  in  the  higher  gi-ades  of  development  by 
its  great  size,  is  an  appendage  of  the  first  part  of  the  t^mall  intestine 
(duodenum).  The  first  trace  of  it  is  met  with  in  the  lower  animaN 
in  the  form  of  a  characteristically  coloured  part  of  the  cellular 
covering  of  the  gastric  ca^nty  or  intestinal  wall  (Coelenterata. 
worms).  In  the  higher  animals  it  has  at  first  the  form  of  a  small 
blind  sac  (small  Crustacea)  ;  this,  by  a  process  of  bninching,  is  con- 
verted into  a  complicated  struc- 
ture composed  of  ducts  and  folli- 
cles, which  may  become  connected 
together  in  very  diflerent  w^ays 
so  as  to  give  rise  to  an  apparently 
compact  organ.  Nevertheless,  it 
must  be  remembered  that,  in  the 
different  groups  of  animals, 
glands,  which  differ  both  mor- 
phologically and  physiologically, 
are  included  under  this  term, 
"liver."  While  in  the  Verte- 
brata  the  liver,  as  a  bile-pro- 
ducing organ,  pos.sesses  no  known 
relation  t-o  digestion,  in  the  In- 
vertebrata  the  secretions  of  many 
glands,  which  are  generally  calletl 
"  liver,"  but  which  would  be 
more  appropriately  termed  hepctto- 
pnncrens,  exercise  a  digestive 
action  upon  starch  and  albumen, 
and  at  the  .<«me  time  contain 
bye-products  and  colouring  mat- 
ters similar  to  those  found  in  the 
bile  of  Vertebrates  (Crustacea, 
Mollusca). 

The  Organs  of  Circnlation.  The  nutrient  material  or  chyle  re- 
sulting from  digestion  is  distributed  by  a  system  of  spaces  to  all 
partB  of  the  body.  Excluding  the  Protozoa,  in  which  the  distribution 
of  nutrient  material  is  effected  in  the  same  manner  as  in  the  cell  or 
tissue  unit,  the  simplest  form  of  vascular  system  in  animals  with 
cellular  tissues,  i.e.,  in  the  Metazoa,  is  found  in  the  Coelenteratji. 
In  these  animals  the  digestive  cavity  itself  extends  to  the  extreme 
periphery  of  the  body,  and  serves  to  distribute  the  nutritive  fluids 


Fio.  50.— Alimentary  canal  of  Man.  O, 
CDSophaima ;  M,  stomach  ;  L,  spleen  ;  J/, 
liver ;  Ob,  gall  bladder ;  P,  pancreas  ; 
Dk,  duodenum  receiving  the  bile  and  pan- 
creatic ducts  ;  J/,  ileum ;  Co,  colon ;  Cw, 
crccuro  with  vermifonu  process,  Po;  S, 
rectum. 
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(gastro-vascular  system  of  Polyps,  so-called  vessels  of  Medusse  and 
Ctenophora).  The  so-called  stomach  of  the  Anthozoa  is  simply  an 
invagination  of  the  body  wall  into  the  central  cavity  of  the  animal, 
rtnd  functions  only  as  cesophagus. 

When  a  distinct  alimentary  canal  is  present,  the  chyle  is  absorbed 
by  the  walls  of  the  gut,  and  passed  through  them  into  the  coelom  or 
space  developed  between  the  gut  and  body  walls  (into  the  general 


Fio.  ril.  -Dapbitia  with  simplo  heart,  r,  the  Blit*like  openinf;  on  one  Hide  is  seen;  D, 
alimentary  canal ;  L,  liver;  A,  bhub  ;  O,  brain;  O,  eye;  Sd,  shell  gland;  Br,  bnxxl 
pouch  placed  doreally  beneath  the  carapace. 

tissue  of  the  l)ody  in  the  ncojlomate  parenchymatous  worms),  and 
there  gives  rise  to  a  fluid,  the  blootl,  in  which  (with  some  few 
exceptions)  corpuscle-s  (cellular  structures  produced  in  the  organism) 
are  found.  In  thi.s  space,  or  in  a  system  of  lacunte  derived  from  it, 
the  blood  circulates.  Primitively  its  movements  ai-e  quite  irregular, 
taking  place  with  each  movement  of  the  body  (as  in  many  worms), 
and  are  effected  chiefly  by  the  contractions  of  the  somatic  muscles 
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(Ascaris),  but  also  by  the  movements  of  other  organs,  e.g.,  the 
alimentary  canal  (Cyclops).  At  a  higher  stage  of  development  n 
rudiment  of  the  central  organ  of  the  circulation  appears,  in  that  a 
special  section  of  the  blood  path  acquires  a  muscular  investment, 
and  as  a  pulsating  heart,  comparable  to  a  force  and  suction-pump. 


y 
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Fie.  62. — Male  of  Brancbiptu  stSRnalis  with  many- 
chambered  heart  or  dorsal  vessel  Bg^  the  lateral 
openings  in  which  are  repeated  in  every  seg- 
ment. J),  intestine ;  Jf,  mandible ;  Sd,  shell 
gland;  Br,  branchial  appendage  of  the  11th  pair 
of  ieg»  i  T,  testis. 


Fig.  53.— Heart  of  a  Copepoil 
(CalancUa)  with  an  ante- 
rior artery,  A.  0$,  ostia ; 
V,  valves  at  the  arterial 
ostium  ;  M,  mosclc. 


maintains  a  continuous  circulation  of  the  blood.  The  heart  is  either 
sac-shaped,  with  two  lateral  or  one  anterior  slit-like  opening  (Daphnia, 
C'alanos)  (fig.  51),  or  elongated  and  divided  into  successive  chambers 
and  perforated  by  many  pairs  of  slit-Uke  openings  (Insects,  Apus) 
(fig.  52).    As  a  rule,  each  chamber  possesses  a  pair  of  laterally  placeil 
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ostia,  provided  with  lip-like  valves,  which  act  so  as  to  allow  the  blood 
only  to  enter  the  organ. 

From  the  heart,  as  central  organ  of  the  circulation,  well  defined 
canals,  the  blood  vessels,  are  then  developed,  which  in  the  Invertebrata 
may  alternate  with  lacunae  not  provided  with  walls.  In  the  simplest 
cases  it  is  only  the  tracts  along  which  the  blood  travels  from  the 
heart  which  are  provided  with  independent  walls,  and  developed  into 
blood  vessels  (marine  Copepoda,  Calanella,  fig.  53).  At  a  higher 
stage  of  development  not  only  do  these  efferent  vessels  acquire  a 
more  complicated  structure,  but  a  part  of  the  lacuna-system,  especially 
in  the  neighbom-hood  of  the  he-art,  acquires  a  membmnous  invest- 
ment, and  gives  rise  to  vessels  which  carry  the  blood  liack  to  the 


Kio.  M.— Heart  nntl  blood  vocpelK  nnd  Bill!*  of  the  cniyflhh.  r.  heart,  in  a  blood BinuB ;  with 
P>  several  paim  of  08tin ;  Ar,  cephalic  aoita  ;  A  nh,  abdominal  aorta ;  Ai,  utemal 
artery. 

periciirdial  tinus,  from  wliich  it  passes  tlirough  tlie  venous  ostia  into 
the  heart  (Scorpions,  Decapods)  (fig.  54). 

In  other  ca.ses  (Molluscs)  the  blood  flows  directly  from  the  afferent 
vessels  into  the  heart,  the  walls  of  tlic  vessel  being  directly  continaoiis 
with  the  walls  of  the  heart.  Tlie  heart  in  such  «ises  consists  of  two 
chambers,  the  one  known  as  auricle  .serves  for  the  reception  of  the 
returning  blood,  the  other  known  as  ventricle  for  its  propulsion 
(tig.  55). 

The  vessels  pa-s-'ing  from  the  ventricle  and  carrying  the  blood  fi-om 
the  heart  are  called  arteries ;  tho.<e  returning  the  blood  to  it  ai*e 
called  veins,  and,  in  the  higher  animals,  are  distinguished  from  the 
arteries  by  their  thinner  walls.  Between  the  ends  of  the  arteries 
and  the  beginning  of  the  veins  the  body  cavity  intervenes  either  as 
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a  blood  sinus  or  as  a  ^stein  of  blood-lacun« ;  or  the  arteries  and 
veins  are  connected  by  a  network  of  deKcate  vessels,  the  capillaries. 
K  the  connection  between  arteries  and  veins  is  effected  by  capillaries 
in  all  parts  of  the  vascular  system,  and  the  body  cavity,  as  in  the 
Vertebrata,  no  longer  functions  as  a  blood  sinus,  the  vascular  system 
is  spoken  of  as  being  completely  closed. 

In  the  Vertebrates  and  segmented  worms  the  vascular  system  ob- 
tains a  considerable  development  before  a  true  heart  is  differentiated 
in  it.     At  first  rhythmically  pulsating  sections,  very  frecjuently  the 


Fio.  65. — Kerroas  Bystem  and  circulatory  organs  of  Paladiim  vivipnra  (after  Loydix).  F. 
tenutcle;  Oe,  oesopbn^fus;  Cj,  cerebral  RatiKlion  with  eye;  Pp,  pedal  |;anftlion  with 
adjacent  otocyst ;  r^»  viaceral  ganf^lion ;  Pltg,  pharyngeal  gasfflion  ;  A,  auricle  of 
heart;  l>.  ventricle;  .^u,  abdominal  aorta;  .<ir,  cephalic  aorta ;  K,  vein;  Tc,  tiffercnt 
vessel.    Sr,  gill. 

dorsal  vessel,  or  the  lateral  vessels  connecting  this  with  the  ventral 
vessel  (fig.  56),  serve  for  the  propulsion  of  the  blood. 

Similarly  amongst  the  Vertebrata,  the  lancelet  (Amphioxus) 
possesses  no  distinctly  differentiated  muscular  heart,  the  function  of 
that  organ  being  discharged  by  various  parts  of  the  vascular  sj'stem 
which  are  contractile.  The  arrangement  of  the  vessels  supplying 
the  pharyngeal  section  of  the  alimentary  ti-act,  which  has  a  respiratory 
function  and  is  known  as  the  branchial  sac,  admits  of  a  compaiison 
with  the  vascular  arrangement  of  the  segmented  worms,  and  repre- 
i-ents  the  simplest  form  of  the  vertebrate  vascular  system.  Tlio 
longitudinal  vessel  which  runs  in  the  ventral  wall  of  the  branchial 
sac  gives  off  numerous  lateral  branches,  which  ascend  in  the  branchial 
walls.    These  lateral  vessels  are  contractile  at  their  point  of  origin 
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from  the  venti-al  vessel.  The  anterior  pair,  placed  behind  the  mouth, 
unite  beneath  the  notochord  to  form  the  root  of  the  median  body 
artery  (descending  or  dorsal  aorta)  which  receives  the  hinder  suoceS' 
sive  pairs  of  lateral  vesselfi.  This  dorsal  artery  gives  off  branches  to 
the  muscles  of  the  body  wall  and  the  viscei-a,  from  which  the  venous 
blood  in  part  is  returned  to  the  ventral  pharyn- 
geal vessel;  part  of  it,  however,  before  reaching 
the  latter,  traverses  a  capillary  network  in  the 
liver. 

Fi'om  the  hinder  part  of  the  ventral  pha- 
lyngeal  vessel  there  is  developed,  in  the  higher 
Vertebnita,  the  heart,  which  at  first  has  the 
shn])e  of  an  S-shapeil  tube,  but  later  acquires 
a  conical  form  and  becomes  divided  into  auricle 
and  ventricle.  The  former  receives  the  blood 
x-eturniiig  from  the  body  and  passes  it  on  into 
the  more  jwwerful  ventricle,  from  which  arises 
an  anterior  vessel,  the  ascending  or  cardiac 
aortal,  presenting  a  swelling  at  its  root,  known 
as  the  aortic  bulb.  This  vessel  leads,  by  means 
of  lateral  viwcular  arches,  the  arterial  arches, 
into  the  doi^il  aorta,  which  pisses  backwards 
beneath  the  vertebnil  column,  and  supplies  the 
Ixxly.  Valves  placed  at  the  two  ostia  of  the 
ventricles  regulate  the  direction  of  the  blood 
stream  ;  and  they  are  so  arranged  as  to  prevent 
any  1  ackward  flow  of  bloo«l  from  the  cardiac 
aorta  into  the  ventricle  in  diastole,  and  from 
the  ventricle  into  the  auricle  in  systole. 

In  consequence  of  the  insertion  of  the  respi- 
i-atoiy  organs  on  to  the  system  of  the  arterial 
arches,  the  latter,  and  at  the  same  time  the 
structure  of  the  heart,  assumes  various  degi-ees 
of  complication.  In  fishes  (fig.  57),  four  or  five 
pairs  of  gills  are  inserted  in  the  course  of  the 
arterial  arches,  which  break  iip  into  a  respiratoiy  capillary  net- 
work in  the  branchial  leaflets.  From  this  network  the  arterialised 
blood  is  collectetl  into  efferent  branchial  arches,  the  branchial  veins, 
corresponding  each  to  a  branchial  artery ;  and  these  uuito  to  form 
the  dorsal  aorta.  In  such  cases  the  heart  remains  simple,  and 
receives  venous  blood. 


Fio.  66.— Anterior  port 
<>1  the  vascnlnr  nyoU'in 
of  Bn  OliBOCliwtc  wonn 
(Sienurin)  (after  Gc- 
p;cil)>aur).  Iiitbcdor- 
aal  venriel  the  liloml 
moT6B  from  Ix-hiinl 
forwiinl  J  in  the  ven- 
tral Tcenel  from  Iwforo 
backwards  (klh'  ar- 
rown).  //,  beart-liko 
dilated  transvcrae 
laUTal  Teaacla. 
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With  the  appearance  of  lungs  as  respiratory  organs  (Dipnoi, 
Perennibranchiftte  Amphibia,  larvie  of  Salamanders  and  Batr&- 
chlans)  (fig.  68),  the  heart  obtains  a  more  complicated  structure, 

in  that  the  auricle  becomes  divided 
into  a  right  and  left  division,  the 
latter  of  which  receives  the  arte- 
rialise<l  blood,  returning  from  the 
lungs  by  the  pulmonary  veins. 
The  septum  between  the  two 
divisions  of  the  auricle  may,  how- 
ever, remain  incomplete  (Dipnoi, 
Pri)teu»).  The  advehent  pulmon- 
iii-y  vessels,  the  pulmonary  arte- 
ries,    alwayti     proceed     from     the 


V<«.  67.— DlJUinun  of  theolroulntorr 
org«&>  of  nn  oMMun  tl<h.  r, 
fmlnclc  ;  B>i.  ftonic  bulb  with  the 
uirrlAJ  urcliofl  wbioh  vurry  L\ia 
rennuM  blouil  to  the  trtlU ;  .4o, 
don«l  MOttA  into  wbicii  '*p«a  Iho 
vmtfcls  fn)m  thr  gi^]*  or  Ijmnchial 
veins  At'.  A*.  Vidiiey  ;  D,  iilimcn. 
iuy  canal :  It,  porul  drculatUm. 


Flo.  68.— GiUi  (Br)  snil  polmcmary  wici  (/*) 
of  n  pcrennihnuiohiate  amphililAa.  Ap, 
pulmonary  an«ry  proc««dinti  tnia  the 
podtcrior  of  the  four  aortic  wches.  Tho 
other  thre«  load  to  the  throe  pain  of  gillB ; 
D,  alimeotaxjr  tract ;  A,  i 


terior  viisculor  arch,  which,  as  a   rule,  loses  its  relation   to  the 
nchiul  respiration. 
On  the  dis.'ii>iH<iirance  of  the  gills,  which  is  completed  during  the 
aorfihosis  in  the  Salamandrina  and  Batrachiii,  the  puhuouarjr 
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arteries  obtain  a  mucli  more  coasidemble  size  and  become  the  direct 
continuation  of  the  hindcrmost  pair  of  vascular  arches,  while  the 
remaining  and  primitively  most  impoi-tant  portions  of  the  latter,  i.e. 
the  portions  Ica^ling  to  the  dorsal  aoi-ta,  are  reduced  to  rudimentaiy 
ducts  (Ductus  Botiilli)  or  completely  oblitei-atetl.  Contemporaneously 
with  these  changes  there  appears  a  fold  in  the  lumen  of  the  ventral 
or  cardiac  aorta,  leading  to  a  separation  of  the  posterior  vascular 

arch  (pulmonary  arteiy), 
which  now  receives 
through  the  ventricle 
venous  blood  from  the 
right  auricle,  from  the 
system  of  anterior  arches 
which  give  origin  to  the 
ctephalic  vessels  and  dor- 
sal aortti  jmd  receive 
arterial  blood  from  the 
left  auricle  (mixed,  how- 
over,  with  venous  blood 
in  the  ventricle)  (fig. 
59). 

In  Reptiles  the  sepa- 
nition  of  the  arterial 
from  the  venous  blood 
is  more  complete,  in  that 
there  is  an  incomplete 
ventricular  septum 
which  foreshadows  the 
later  division  of  the 
ventricle  into  a  right 
and  a  left  half.  From 
the  left  division  arises 
the  right  aortic  arch, 
which  gives  origin  in  its  further  course,  to  the  arteries  to  the  head 
(carotid  arteries).  A  vessel  to  the  lungs  and  a  left  aortic  arch 
may  also  be  distinguished.  The  left  aortic  arch  and  pulmonary 
artery  receive  only  venous  blood,  wliile  the  right  aortic  arch,  and 
therefore  the  carotids  which  pixxH^jd  from  it,  receive  principally 
arterial  blood  fi-om  the  left  side  of  the  ventricle  (fig.  60). 

The  ventricular  septum,  and  consequently  the  separation  of  the 
right  from  the  left  ventricle,  is  found  complete  for  the  first  t-iine 


Fio.  69.— ("ircultttory  orRonK  «f  the  frog.  P,  left  liiiiK. 
riffM  lunff  U  remorcHl ;  Ap,  pulmonary  artery ;  Vp, 
imlmoDary  vein  ;  TV,  vena  enva  inferior ;  Ao^  dorsal 
aorta ;  N,  kidney ;  I),  alimentary  canal ;  U;  portal 
circulation. 
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in  the  Crocodilia,  and  in  these  animals  the  right  aortic  arch  arises 
fi-om  the  left  ventricle.  But  the  separation  of  the  arterial  and 
venous  blood  is  even  now  not  quite  complete,  for  at  the  point  where 
the  two  aortic  arches  cross  one  another  there  is  a  passage  (fonimen 
Panizzte)  leading  from  one  into  the  other,  and  through  which  a 
communication  may  take  place. 

It  is  only  in  Birds  and  Mammals,  in  which,  as  in  the  Crocodilisi, 
the  right  and  left  ventricle  are  completely  separated,  that  a  septu-ation 
between  the  two  kinds  of 
blood  is  completely  effected 
(fig.  61).  In  Birds  the  right 
aortic  arch  persists,  and  the 
left  entirely  disappears ;  whUe 
in  Mammalia  the  opposite 
obtains,  the  left  arch  per- 
sisting and  giving  rise  to  the 
dorsal  aorta.  In  these  animals 
the  blood  is  essentially  diffe- 
rent from  the  chyle  both  in 
colour  and  composition,  and 
there  is  present  a  special 
system  of  chyle  and  lymph 
vessels.  This  •  sy.stem  origi- 
nates in  simple  tissue  spaces, 
which  are  without  walls,  and 
its  main  trunks  open  into  the 
vascular  system.  The  con- 
tents are  derived  from  the 
nutrient  material  absorbed 
from  the  intestine  (chyle), 
and  from  the  fluids  which 
have  transuded  into  the 
tissues  from  the  capillaries  (lymph),  and  they  serve  to  renovate 
the  blood.  In  the  actual  course  of  the  lymph  and  chyle,  i.e.,  in  the 
lymphatic  vessels  themselves,  are  placed  peculiar  glandular  organs, 
known  as  lymphatic  glands  (blood  glands),  in  which  the  lymph  receives 
its  form  elements  (lymph  corpuscles = white  blood  corpuscles). 

Organs  of  Bespiiation.  The  blood  needs  for  the  retention  of  its 
properties  not  only  this  continued  renovation  by  the  addition  of 
nutrient  fluids,  but  also  the  constant  introduction  of  oxygen,  with 
the  reception  of  which  is  closely  connect'Cd  the  excretion  of  carbonic 


Pio.  60.— Urart  and  gnfit  vessels  of  a  Chelouian. 
Ad,  Tight  auricle  ;  -■(», left  auricle;  Ao.d,  rijrht 
aortio  arch ;  Ao.t.  left  aortic  arch  ;  Ao^  aorta : 
C,  can>tida  ;  Ap,  pulmouaiy  arteries. 
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acid  (and  water).     The  exchange  of  these  two  gases  between  tl 
blood  and  the  external  medium.  i»  the  essential  part  of  the  respii-ntory' 
process,  and  is  effected  through  organs  which  are  suited  for  carrying 

on  this  process  either  in  air 
in  water.     In  the  amplest 
the  exchange  of  these  two 
t4ikes  place  through  the  geneifil 
surface  of  tlie  boily ;  and  in 
eases,  even  when  special  respir 
toiy  organs  are  presient,  the  out 
skin  also  takes  part  in  rcspinitioo 


lying, 
dr  o^H 
case^H 
ga«e^ 


Fio.  01.— DUffTtan  (if  tbe  circuliitinn  in  aii 
animnl  with  a  oomiilctcljr  uparoud  rig-ht 
■nit  left  veulric-lc,  iui<l  »  ilimblevirotilMion 
(■(tar  nnxluy).  Jd.  righi  Burliio  roceiv- 
\usi  the  ftuj>friur  and  iiiforinr  voniB  cava}, 
I'c*,  anil  IVt ;  Dth,  thoracio  duct,  tho 
iimLii  trunk  ot  tlie  Ijraphsiio  xyatoin  ;  Ad, 
nelit  Kuriele  ;  I'd,  rii{ht  vcutriole  ;  Ap, 
pulmooar;'  artery ;  P,  lung ;  Vp,  pulmou- 
ary  vein  ;  A',  left  nuriclo ;  Vt,  Icfl  vcn- 
criole  i  Aa,  aorta  ;  D,  intvHtino ;  L,  li vor ; 
t'f',  pomU  rein :  Lr,  he(«lio  vein 


Fio.  n.— Diocnun  of  tlie  icmtl 
arteries  of  a  tnamma)  with 
reference  to  the  flm  embry- 
onio  arterial  archoa  (after 
Rathke).  c,  common  oarotiita  ; 
e*,  exiemal  carotid  ;  e",  inter- 
nal carotid;  A,  aorta.  Ay, 
pulmonary  artery  ;  Aq,  aortic 
arch. 

Inner  surfaces  also  may  be  coi 
cerned  in  this  exchange,  especially 
those    of    the    digestive    cavit: 
and  intestine,  oi",  as  in  the  Eel 
noilerms,   in  which    a    separate 
vai^cular  system  is  developed,  ths 
surface  of  the  whole  body  cavity. 
Respirotiou  in  water  obviously 


it;^y 


takes  place  under  fiu-  more 
favourable  conditions  for  the  introduction  of  oxj'gen  than  doe« 
direct  i-wpirfttion  in  air,  because  it  is  only  the  small  quantity 
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[oxygen  difisolved  in  -water  which  is  available.  Hence  this  form  of 
tipiration  is  found  in  animals 
w  in  the  scale  of  life  in  which 
iie  metabolic  processee  are  less 
aergetic  (worms,  molluscs,  and 
bes). 

Organs  of  aquatic  respiration, 
' gillt,  have  the  form  of  external 
ippendages  po!;sessing  lus  Lu-ge  a 
face  extension  as  possible, 
liey  consist  of  simple  or  antler- 
iiuped  or  dendintically  branched 
procesfies  (fig.    63   «,    b),  or    of 


Pie.  eSa.— Howl  uid  anterior  body  Mi^nciiM 
of  a  Eunln,  Tiened  from  the  doreiil  anr- 
fuM.  T,  Uwtaclos.  CI,  lenucnlnr  cirrn*. 
C,  pitntpodial  oimu.    Br,  porepodial  ipJl. 


io.  M.  —  Tnuunrene 
Mctloa  ihrouirh  rhe 
gill  of  K  Tcleo»t4Muj 
lUh.  h,  bmnchijil  leaf, 
let  witb  mpillonoft ;  e, 
hnuichuil  ATti^  con- 
taining venout  hlood  i 
i,  braochial  vein  oon- 
lainioK  ancriai  blood 
a,  branchial  bar. 


lancet-shaped  closely-packed  leave.8  with  a  large 
surface  extension  (tig.  G-t), 


Flo,  63A.— Trunfversio  section  throagh  the  liody  of  Eu- 
nice. Sr,  tfiU ;  (',  cimiH ;  /',  paniiMMliuni  with  » 
buudle  uf  seliL-  \    P,  tilimontary  canal ;   A,  nsrroua 


The  organs  of  aerial  reajjinition,  on  thecontraiy, 
are  internal.  They  pivseut  likewis<i  the  c-ondi- 
tion  favourable  for  au  exchange  of  gases  between 
the  air  and  the  blouj,  viz.,  a  large  extent  of 
surface.  Tliey  have  the  form  either  of  litiii/s  or 
air-beaiing  tubes.  In  the  first  case  (Spiders, 
ertebrates)  they  consist  of  spacious  sacs  with  aiveolar  or  spongy 
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walls,  traversed  by  numerous  septA  and  folds  which  bear  an  exti-eiuelj 
ricli  network  of  aipillaries,  T\ie  nir  tuhes  or  IracJucE  (tig.  1)5)  consti- 
tute a  bmnched  system  of  canals 
which  extend  througliout  the 
wliolo  Ixxly,  and  raory  the  air 
to  all  the  organs.  Thus  instead 
of  the  iv«jji- 


i-atory    pro- 

cesK      being 

hxsilisetl,  lis 

it  is  in  aui- 

nuils      with 

lungs,   it   is 

ciirrie<l  on  in 

all      tissues 

and    organs 

of  the  body, 

which      are 

Hurrounded 

by     a     tine 

trw^heal  network.     Neveitheles-s  the  air  tubes 

in  the  case  of  the  modification  known  as  fan- 

Irachctr    piesent    an    approxinintion     in    their 

structui'es  to   lungs,    in   that   the  main   stems, 

without    further    bi-anching,   give    rise   to  Hat 

hollow  leaves. 


MK 


St- 


Opi'iiiugs  in  the  body  wall  an>  ptyj-sent,  placing 
the  organs  of  aerial  respimtiou  in  coniujuuica- 
tion  with  the  ext^>rio^.  The^e  openings  may 
bo    numerous,    ami    paired,    placed    syuimetrically    on    the    sides 


Flo  mi.   ~Tnrtitiiil« 

Unn   of    »    Dipt 
UrvK.    TV,  lAiU|ri>uilU| 
lul  •tnm  of  tlic  Hk 
•ids  wltli  tufla  of  I 
oluM-;   Sr,    nnd   St-, 
nnl«riiir  and  |K»toiii>r  I 
MlgUUUa;      ilk.     <>n>t  I 

boob. 
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of  the  body  (fig.  66  a,  b)  {atigmala  of  Insects,  Spiders),  or  they 
may  be  more  restiicted  in  number,  and  communicate  also  with 
cavities  of  complicated  structure  which  are  used  for  other  functions 
(nasal  cavities  of  Vertebrates).     In  the  aquatic  larvse  of  certain 


Kt 


K  07a. — Larva  of  an  Kphemoral  fly  irith  Bevon  pairs  of  tracheal  gilts 
7,  alightly  magnified ;  ri:,  iaolatod  tracheal  gill  atrongly  magnified. 


Fio.  or*.— Tracheal  sys- 
tem at  the  Bides  of  the 
alimentary  canal  of 
an  Agrion  larva  (after 
L.  Dnfonr).  Tit,  main 
tracheal  trunk ;  St, 
tracheal  gills ;  Aa,  the 
three  simple  eyes. 


Insects  (Ephemerida>,  Libellulidse)  the  trachesa  may  be  without  any 
external  openings.  In  such  cases  processes  of  the  body  filled  with 
a  close  network  of  trachese,  which  take  up  oxygen  from  the  water, 
and  are  known  as  tracheal  gills,  are  developed  (fig.  67  a,  b).  In  rare 
instances  tracheal  gills  are  developed  on  the  wall  of  the  rectum,  and 
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thus  acquire  a  piutected  position  (rectal  respiration  of  Aeschna, 
LibeUuk). 

In  other  respects  the  branchial  and  polmonaiy  resfnratory  pro- 
cesses are  essentially  the  same.  In  the  pulmonate  snails  (Lymnanis), 
the  pulmonary  cavitv  may  be  filled  with  water,  and  yet  continue  to 
function  as  a  respiratory  organ  (in  the  young  ittate  and  also  onder 
special  conditions  in  the  adult,  the  animal  remaining  permanently 
in  deep  water).  With  this  fact  before  us  of  an  aii^breathing  surface 
functioning  as  a  gill,  it  will  not  surprise  us  to  find  that  gills  and 
bi-auching  folds  of  skin,  which  under  normal  circumstances  serve  for 
breathing  in  water,  can,  provided  they  be  protected  from  shrivelling 
up  and  desiccittion  either  by  their  position  in  a  damp  space  or  by 
their  copiou.4  blood  .supply,  function  as  lungs,  and  allow  their  pos- 
sessors to  live  and  breathe  on  land  (Crab«,  Birgus  latro,  labyrintho- 
branchiate  Fishes). 

A  rapid  renewal  of  the  medium  which  carries  the  oxygen  and 
surroimds  the  respLratoi-y  surfaces  is  of  the  grefttest  importance 
for  the  gaseous  exchanges.  We  find,  theivfore,  very  often  special 
arrangements,  by  which  the  removal  of  that  part  of  the  respiratory 
medium  which  has  been  deprived  of  oxygen  and  saturated 
with  carbonic  acid  and  the  introduction  of  another  portion  con- 
taining oxygen  and  free  of  carbonic  acid,  is  effected.  In  the 
simplest  cases  this  renewal  can,  although  not  very  efficiently,  be 
brought  about  by  the  movements  of  the  botly,  or  by  a  continuous 
oscillation  of  the  respiratory  surfaces  themselves ;  a  method  which  is 
especially  common  when  the  gills  are  placed  in  the  region  of  the 
mouth  and  function  also  as  organs  of  food  pi'ehension,  e.g.,  the 
tentacles  of  niany  attached  animals  (Polyzoa,  Biuchiopoda,  tubi- 
colous  Worms,  etc.)  Verj'  frajuently  the  gills  appear  as  appendages 
of  the  organs  of  locomotion,  e.y.,  of  the  swimming  or  ambulatory 
feet  (Crustacea,  Annelids),  the  movement  of  wliich  brings  about 
a  renewal  of  the  i-espiratory  medium  around  the  gills.  The  move- 
ments become  more  complicated  when  the  gills  ai'e  enclosed  in  special 
chambei-8  (Decapoda,  Pisces),  or  when  the  i-espiratory  organs  are 
placed  within  the  body,  as  happens  in  the  cuse  of  traoheiB  and 
lungs,  in  which  ca,so  also  a  renewal  of  the  air  is  effected  either  by  a 
more  or  less  regular  movement  of  neighbouring  pai-ts,  or  by  rhyth- 
mical contrac^tions  and  dilatations  of  the  air-chamber,  constituting 
the  so-ailled  respiratory  movements.  Tlie  term  respiration  is  now 
not  only  applied  to  these  movements  so  obvious  to  the  eye  in  air- 
breathing  animals,  but  also  to  the  osmotic  processes,  secondarily 
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dependent  upon  the  entrance  and  exit  of  air,  which  effect  the 
gaseous  exchanges.  Taken  strictly  in  this  sense  it  is  an  incorrect 
term,  inasmuch  as  in  the  respiratory  movements  of  animals  pro- 
vided with  branchial  cavities  we  have  to  do  with  the  entrance  and 
exit  of  water. 

In  the  higher  animals  provided  with  red  blood,  the  difference  in 
the  condition  of  the  blood  before  and  after  its  passage  through  the 
respiratory  organs  is  so  striking  that  it  is  possible  to  distinguish 
blood  rich  in  oxygen  from  blood  rich  in  carbonic  acid,  by  the  colour. 
The  latter  is  dark  red,  and  is  known  as  venous  blood ;  the  former, 
i.e.,  blood  which  has  just  left  the  gills  or  lungs,  on  the  contrary, 
has  a  bright  red  colour,  and  is  known  as  arterial  blood. 

While  the  terms  venous  and  arterial  are  used  in  an  anatomical 
sense  to  express  the  nature  of  the  blood-vessel, — those  carrying  the 
blood  to  the  heart  being  called  venotis,  and  those  carrying  it  from 
the  heart  arterial, — they  are  also  used  in  a  physiological  sense  as  an 
expression  for  the  two  conditions  of  the  blood  before  and  after  its 
passage  through  the  respiratory  organs,  i.e.,  to  express  the  quality  of 
the  blood.  Since,  however,  the  respiratory  organs  may  be  inserted  in 
the  course  of  either  the  venous  or  arterial  vessels,  it  is  obvious  that, 
in  the  first  case,  thei-e  must  be  venous  vessels  carrying  arterial  blood, 
(Molluscs  and  some  Vertebrates),  and,  in  the  latter,  arterial  vessels 
carrying  venous  blood  (Vertebrates). 

Animal  heat.  The  intensity  of  respiration  stands  in  direct  relation 
to  the  energy  of  the  metabolism.  Animals  which  breathe  by  gills 
and  absorb  but  little  oxygen  are  not  in  a  position  to  oxidise  a  large 
quantity  of  organic  constituents,  and  can  only  transform  a  small 
xjoantity  of  potential  into  actual  energy.  They  perform,  therefore, 
not  only  a  proportionately  smaller  amount  of  muscular  and  nervous 
work,  but  also  produce  in  only  a  small  degree  the  peculiar  molecular 
movements  known  as  heat.  The  source  of  this  heat  is  to  be  sought, 
not,  as  was  formerly  erroneously  supposed,  in  the  respiratory  organs, 
bat  in  the  active  tissues.  Animals  in  which  thermogenic  activities  are 
small  have  no  power  of  keeping  independently  their  own  internal 
heat  when  exposed  to  the  temperature  influences  of  the  surrounding 
medium.  This  is  also  true  of  those  air-breathing  animals  in  which 
the  metabolic  and  thermogenic  activities  are  great,  but  which,  in 
consequence  of  their  small  size,  offer  a  relatively  very  large  surface 
for  the  loss  of  heat  by  radiation  (Insects).  On  account  of  the  ex- 
changes of  heat  which  are  continually  taking  place  between  the 
animal  body  and  the  surrounding  medium,  the  temperature  of  the 
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ibi-mer  must  in  such  animals  be  largely  dependent  on  that  of  the 
Litter,  falling  and  rising  with  it.  Hence,  most  of  the  lower  animals 
ai-e  poikilothermie,*  or,  an  they  have  less  appropriately  been  called, 
cokl-hlooded. 

Tlie  higher  animals,  on  the  contraiy,  in  which,  on  account  of  their 
highly  developed  respiratory  organs  and  energetic  metabolism,  the 
thermogenic  activity  is  gi-eat,  and  which  are  protected  from  a  rapid 
loss  of  heat  by  radiation  by  the  size  of  their  bodies  ajid  by  the 
possession  of  a  covering  of  hairs  or  feathers,  possess  the  power  of 
maintaining  a  constant  temperature,  which  is  indep>endent  of  the 
lising  and  falling  of  the  temperature  of  the  surrounding  medium. 
Such  animals  are  designated  /lomothennic,  or  wami-Mooded.  '  Since 
they  require  a  high  internal  temperature,  varying  only  within  small 
limits,  as  a  necessary  condition  for  the  normal  course  of  the  vital 
pi-ocfsses,  or  one  may  say  for  the  maintenance  of  life  itself,  they 
must  possess  within  themselves  a  series  of  regulators  whose  function 
is  to  keep  the  body  temperature  within  its  proper  limits,  when  the 
temperatui'e  of  the  sm-rounding  medium  is  high.  Tliis  may  be 
effected  either  by  diminishing  the  production  of  internal  heat 
(diminishing  the  metabolism)  or  by  increasing  the  loss  of  heat  from 
the  surfaces  of  the  body  (by  radiation,  evaporation  of  secretions, 
cooling  in  water) ;  and,  on  the  contraiy,  when  the  temiwiHture  of  the 
outer  medium  is  too  low,  by  incroa.sing  the  production  of  internal 
heat  (inuroasiiig  the  metabolic  acti\-ity  by  more  plentiful  food  supply, 
more  vigorous  movements),  or  by  diminishing  the  loss  of  heat  by 
the  development  of  better  protective  coverings. 

When  the  conditions  necessary  for  the  action  of  these  regulators 
lire  absent  (want  of  food,  small  and  unprotected  bodies),  we  find  either 
the  phenomenon  of  winter  sleep,  in  which  life  is  presei-ved  with 
!i  tempoi-uiy  lowering  of  the  metabolic  processes ;  or,  when  the 
metabolic  proces.ses  of  the  organism  do  not  enter  into  abeyance,  the 
remarkable  phenomena  of  migration  (migration  of  birds). 

Org^S  of  Secretion.  The  respiratory  organs  stand  to  a  certain 
extent  intermediate  lietween  the  organs  of  nutrition  and  those  of 
excretion,  in  that  they  take  in  oxygen  and  excrete  carbonic  acid. 
In  additi<m  to  this  gas  a  number  of  cxcremenbitious  substances, 
mostly  in  a  fluid  form,  which  have  entered  the  blood  from  the 
tissues,  pa.ss   out  by  the  lungs.     The  function,  however,  of  excretion 

*  Col.  BerRinann,  ''Vulwr  die  Vorliiiltnissc  der  W.Hrmeiikonomic  dor  Thicre 
zn  ilirer  Gro.«»(\"  Gottiiijior  Studien,  1847:  also  Ilcrgniiinn  und  Lenckart, 
'•  Anatomisch-pbysioloi;i.sohe  L't-bcrciclit  dcs  TUierreichs,"  Stuttgart,  1852. 
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is  maiuly  discharged  by  the  special  secretory  organs.  These  have 
the  form  of  glands  of  a  simple  or  complex  structure  which  originate 
from  invaginations  of  the  outer  skin  or  of  the  intestinal  wall,  and 
consist  essentially  of  simple  or  branched  tubes,  or  of  racemose  and 
lobulated  glands. 

Among  the  various  substances  which  by  the  aid  of  the  epithelial 
lining  of  the  walls  of  glands  are  removed  from  the  blood  and  some- 
times utilised  further  for  the  performance  of  various  functions,  the 
nitrogenous  excretory  substances  are  especially  important.  Tlie 
organs  by  which  the  excretion  of  these  ultimate  products  of  meta- 
bolLsm  are  effected  are  the  kidneys.  In 
the  Protozoa  they  are  represented  by 
the  contractile  vacuoles ;  in  the  Worms 
they  appear  as  the  so-called  water- 
rascular  vessels,  and  are  constituted  of 
a  system  of  branched  canals  which 
take  their  origin  in  delicate  internal 
ciliated  funnels,  which  open  into  the 
^pace6  in  the  parenchymatous  tissues 
or  the  body  cavity.  In  the  latter  case 
the  ciliated  fimnels  have  a  wide  opening. 
In  the  Platyelminthes  (flat  worms)  the 
efferent  ducts  of  the  system  consist  of 
two  main  lateral  trunks  (fig,  68,  Ex.), 
which  frequently  open  together  at  the 
hind  end  of  the  body  by  means  of  a 
medium  terminal  contractUe  vesicle 
(fig.  68,  ep). 

In  the  segmented  worms  the  paired 
kidneys  are  repeated  in  every  segment, 
and  are  known  as  segmental  organs 
(figs.  69  and  70).  The  shell-glawls  of 
Crustacea  are  in  all  probabdity  to  be  traced  back  to  theSe  segmental 
organs :  as  are  also  the  paired  kidney  (organ  of  Bojanus)  of  mussels, 
and  the  unpaired  renal  sac  of  Snails,  both  of  which  communicate  by 
means  of  an  internal  opening  with  the  pericardial  division  of  the 
body  cavity. 

In  the  air-breathing  Arthropods  and  some  Crustacea  (Orchestia) 
the  urinary  organs  are  tubular  appendages  (Malpighian  vessels)  of 
the  hind  gut.  In  the  Vertebrata  the  urinary  organs  or  kidneys 
obtain  a  greater  independence,  and  open  to  the  exterior  by  special 


Fio.  68.— Voung  t)i«tomum  (after 
La  Valette).  Bx,  main  stems  of 
the  excretory  system ;  Bp^  ex- 
cretory pore ;  O,  month  with 
sucker;  S,  sucker  in  the  middle 
of  the  ventral  surface ;  P^  pha- 
rynx ;  D,  alimentary  canal. 
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ng8  which  are  nsnally  common  to  the  genemtive  organs ;  Uiw 

consist  eBsentially  of  a  number  of  coiled  tulies, 

which  in  the  more  primitive  typ«i  of  Vertebnit«» 

Imve  a  ciliated  funnel-«h&ped  opening  into  the 

f-         body  ca\-ity  (Dogfish  embryo,  tig.  71 ). 

The  individual  tubules  of  which  the  verte- 


Frs.  «.— LtmuituiUiml 
wetiaD  Ibrouith  tba 
mMtrinftl  Lovc)i  (ntUv 
R.  Uucknri)  D,  <M- 
nicuLnry  canal  t  O. 
\tnin ;  Ok,  vpntntl 
chuo  cf  intntrltii ;  Ex. 
excntory  nuuvU  (iwk- 
TOOTiMl  omui>,  wuicr- 
viiMaUkr  cyaicui) . 


f  IS.  TO. — DiKfrrammatlo  ni|<r«Mnl«tioii  of 
the  MfrmoQtAl  nrifAu*  of  a  Mpmuiilc^ 
worm  (liflvr  C  Scm(K»r).  D;  rU^AcpU 
menti  W^r,  olUnttMl  fiimicls  which  lead 
Inlo  tta*  ooUbiI  tuboa. 


brate  kidney  is  compoised  do  not  open  directly 
the    ext«rior,   as  do  the   segmental  organs 
Annelids,   but  thtre  is  present  on  each  side 
the  body  a  duet,  the  Iciduey  duct,  which  i-eceiv« 
the  tubules  of  its  own  side  and  opens  poRteriurM 
into  the  cloaca.     They  also  possess  an  iniportnn 
structvuv  |>pculiar  to  the  kidney  of  Uie  Vertebrati 
known  as  the  "  Malpighian  body,"  which  consia 
of  a  capsuLir  widening  of  the  lumen   of 


IQ. 
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tubule,  into  which  projects  a  coil  of  arterial  blood  veseels  known  as 

the  gtomendu*  (fig.  72). 

Very  generally  the  outer  body 
surface  is  the  seat  of  special  secre- 
tions which  frequently  play  an  impor- 
tant part  in  the  economy  of  the 
animal,  and  are  used  especially  as  it 
means  of  protection  and  defence.  The 
.same  i.s  true  also  of  the  secretions  of 
the  ucceisory  glands  opening  into  the 
anterior  or  posterior  end  of  the  idi- 
mentary  canal  (tsiUvai-y  glands,  poison 
glands,  anal  glands)  (fig.  73). 

To  the  class  of  cutaneous  glandh 
belong,  in  the  first  place,  the  sweat- 
glands  and  the  sebiiceous  glands  of 
Mammjilia.  The  fluid  secretion  of  the 
former,  on  account  of  the  ease  with 
which  it  is  evaponited,  is  of  special  use 
in  keeping  the  body  cool,  while  that 
of  the  latter  keeps  the  integument  and 


Fio.  71'— DiagTwmnuio  repreun- 
tation  nf  tbs  kidney  (•ogmenul 
«V]fmn«tof  iidn^-tiAh  t>mhr7o{afun' 
CLSmuper).  Wfr,  ciluitod  fannolH ; 
Vg,  kkbwT  dad. 

I  special  coveringsoft  and  supple, 
coccygeal  glands  of  water- 
are  derive<l  from  an  aggre- 
n  of  sebaceoax  glands ;  their 
etion  by  keeping  the  feathers 
ilcd  preserves  them  from  beoom- 
with  water  during 


Flo.  n. — CQI»t«I  fannel  «nd  Mnlpigtium 
iKxly  frani  (be  anterior  part  of  the  kidop)- 
of  Proteua  (aftar  Bpongel).  Kr,  Udnoy 
tubule :  Tr,  dilated  numel ;  3tk,  Ilalpig- 
luanbody. 


Th«  unioellnlar  and  multioell- 
ul&r  integumentary'  glands,  which 
found  so   widely  pi-escnt  in 

belong,  for  the  most  part,  to  the  category  of  oil  and  fat 

ads.     Aggregations  of  cells  whose  function  is  to  secrete  calcai-eous 

otters  and  pigment  are  especially  widely  present  in  the  integu- 

tnt  of  the  MoUusca,  and  serve  for  the  btulding  up  of  the  beautifulh- 
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ci^loured  und  V)U-iou«<ly  shaped  .shells  of  these  animalfi.     Integumoi- 
tary  gluiuLi  and  aggi'egutions  of  glaudx  may  also  acquire  a  relaticm 

to  the  acciuisitiun  of  food  (spinning  gland* 
of  Spiders).  Finally,  mucous  glandx  are 
very  widely  j)resent  in  the  skin  of  animals 
which  live  in  damp  localities  (Amphibia, 
~St  Snails)  and  in  water  (Fishes,  Annelid^ 

-/«  Medusa-). 

OKGAXS   OF  AXIMAL   UFE. 

Of  the  so-called  animal  functions,  that 
of  locomotion  is  the  most  conspicuous. 
Animals  perform  movements  for  the 
puriKJse  of  prtKuring  food  and  etscaping 
fi-oni  their  enemies.  The  muscles  used 
for  locomotion  are,  as  a  rule,  and  especially 
in  the  simpler  forms,  intimately  united 
with  the  skin,  and  give  rise  to  a  muscular 
liody  wall  (Worms),  the  alternate  shorten- 
ing and  elongation  of  which  brings  about 
a  movement  of  the  body.  The  muscles 
may  also  be  especially  concentrated  in 
parts  of  tlie  body  wall,  e.g.,  in  the  subum- 
brellar  snrfatre  of  Medusas  beneath  the 
supporting  gelatinous  tissue,  or  in  the 
venti-.il  surfiu-e  of  the  bo<ly  giving  rise 
to  a  foot-like  organ  (Mollusc-;),  or  tliey  may  bo  l)n>ken  up  into 
a  series  of  s^^ct•^'ssivc  and  similar  segments  (Annelids,  Arthropods, 
Vertebrates).  Tli»'  latter  airangement  pivpires  the  way  for  the 
i-iipitl  and  more  complete  form  of  movement  found  in  animals  in 
which  the  hard  jiarts  also,  whether  cxoskeletal  (Arthropods)  or 
endo.skeletal  (Vertebrata),  liuve  become  divided  into  a  series  of 
longitudinally  arninged  segments  or  rings,  which  ofrer  a  fii-m  attacli- 
ment  to  and  are  movetl  by  the  segnients  of  the  muscular  system. 
By  this  anungement  more  powerful  musc^ular  actions  are  i-endered 
po.s.sible. 

Thus  it  becomes  indispensable  that  haixl  parts  sliould  be  developed 
to  act  as  a  skeletal  sup[)ort  for  the  soft  parts,  and  ahso  to  protect  them. 
The  skeletal  structures  may  l)e  external,  in  which  case  they  have  the 
form  either  of  external  shells,  tubes  or  successive  rings,  and  are 


Fio.  73.  -  Alimentary  oiiiial  with 
it*  Hccf-si*(iry  ^ItuiflH  of  h  l)oetl« 
(rHniltiiK)  (tifter  Irf-im  Diifcur). 
O*,  (I'jiiipluiirtiK;  .^",  <*n>p;  Pc. 
I>rov«ntricuUiK ;  ("'*</,  chylific 
ventricle  ;  Jfg,  Mulpi^'Uian  tu- 
bnloH ;  J?,  rectum ;  Ad,  anal 
r^Ianda  with  bliiddcr. 
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Tisually  products  of  the  external  skin  {clutin),  or  they  may  bo 
internal  (cartilage,  bone)  and  give  rise  to  vertehroe  (fig.  74  a,  I).  In 
either  case  the  body  becomes  divided  at  right  angles  to  its  long  axis 
into  a  series  of  segments,  which,  in  the  simpler  cases  of  locomotion, 
are  homonomous  (Annelids,  Myriapods,  Snakes).  As  development 
progresses  some  of  the  muscles  required  for  locomotion  gradually  lose 
their  relation  to  the  long  axis  of  the  body,  and  acquire  a  relation  to 
secondary  axes;  and  in  this  way  conditions  are  acquired  for  the 
accomplishment  of  more  difficult  and  complete  forms  of  locomotion. 
The  hard  parts  in  the  long  axis  of  the  body  then  lose  their  primitive 


Fio.  74  a— Diapram  of  the  vertebral 
column  of  aTeleoatean  flsh  with  verte- 
bral constriction  of  the  notochord. 
C'*,  notochord;  Wt,  bony  vertebral 
liodies ;  J,  membranous  intervertebral 
nection. 


Fio.  74  i— Vertebra  of  a  flsh.  JC,  ver- 
tebral body.  Ob,  neural  arch  (nenra. 
pophysij*) ;  Vff,  hfemal  arch  (hsemapo- 
I>h.vsis) ;  D.  neural  spine ;  D',  bfemal 
spine ;  S,  rib. 


imiform  segmentation  and  partially  fuse  with  one  another  to  form 
several  successive  regions,  the  parts  of  which  are  capable  of  a  greater 
or  less  amount  of  movement  upon  one  another  (head,  neck,  thorax, 
lumbar  region,  etc.)  In  this  case,  however,  the  parts  of  the  skeleton 
of  the  chief  axis  are  usually  less  movable  upon  one  another,  while,  on 
the  contrary,  a  much  more  perfect  locomotion  is  effected  by  the 
extenirive  movements  of  the  paired  extremities  or  limbs.  The  limbs 
likewise  possess  a  solid  skeleton,  to  which  the  muscles  are  attached, 
and  which  is  usually  elongated  and  may  be  external  or  internal, 
and  is  attached  more  or  less  closely  to  the  axial  skeleton. 

The  most  essential  property  of  animals  is  that  of  sensation.    This 
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property,  like  that  of  movement,  reeidee  in  definite  tissues  and  organs 
which  constitute  the  nervoiu  system.  For  those  cases  in  which  a 
nervous  system  has  not  separated  from  the  common  contractile  baas 
(sarcode)  or  from  the  uniform  cell  parenchyma  of  the  body,  we  may 
suppoi^  that  the  organism  possesses  the  first  beginnings  of  an 
irritability  serving  for  perception.  Tliis,  however,  can  scarcely  be 
called  sensation,  for  sensation  pre-supposes  the  presence  of  conscious- 
ness of  the  tmity  of  the  body,  and  this  we  can  scarcely  attribute  to 
the  simplest  animals  without  a  nervous  system. 

The  appearance  of  muscles  is  coincident  with  that  of  the  nervous 
tissues,  which  are  developed  in  connection  with  tlie  sense  epithe- 
lium of  the  sui'fuce  (Polyps,  Medusje,  Echinoderms).     In  such  cases 

the  nerve  fibres  and  ganglion  cells 
which  all  lie  mingled  together  keep 
their  ectodermal  position  and  their 
connection  with  the  sense  epithe- 
lium. The  view  that  the  first  di^ 
rentiation  of  the  nervous  and  mus- 
cular tissues  is  to  be  sought  in  the 
so-called  neuromuscular  cells  of  the 
fi-esh- water  polyps  and  Medusie  has 
been  shown  by  later  researches  to 
be  untenable. 

Tlie  an-angenients  of  the  nervous 
system  can  be  traced  Itack  to  three 
distinct  types — (1)  the  radial  ar- 
niugement  fotind  in  the  radiate 
animals;  (2)  the  bilateral  arrange- 
ment found  in  segmented  Worms,  ArthrojKjds,  and  Molluscs;  (3) 
the  bilateral  nrrangement  of  the  Vertebrata.  In  the  first  case  the 
central  organs  are  radially  repeat«d  ;  in  the  Echinoderms  as  the  so- 
called  ambulacral  brains  or  nerves,  which  are  found  in  the  arms  and 
are  connected  together  by  a  circumoral  nervous  commissure  contain- 
ing ganglion  cells  (fig.  75). 

In  the  second  type  the  nervous  system,  in  the  simplest  cases, 
consists  of  nu  unpairad  or  paired  ganglionic  mass  placed  in  the 
anterior  part  of  the  body  above  the  pharynx,  and  known  a«  the 
supra-oisophageal  ganglion  or  brain.  From  this  centre  radiate  in 
the  simplest  cases  (Tm-bellaria)  nerves  which  have  a  bilaterally  sym- 
metrical distribution,  and  of  which  two  are  larger  than  the  others, 
and  take  a  lateral  coui-se  (fig.  76). 


Fig.  V.'S.— Diaifram  of  the  nervons  syn- 
tem  of  a  Btar-linh.  A\  norve  ring 
which  connecu  together  the  five  am- 
hulacnil  ccutrcM. 
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At  a  higher  stage  of  development  a  cinsum-phaiyngeiU  nerve  ring 
is  developed.  With  the  commencing  segmentation  of  the  body  the 
nmnber  of  ganglia  increases,  and  in  addition  to  the  brain  there  is 
present  a  ventral  nervous  system  consisting  either  of  ventral  cord 


Fie.  78.— Alimentary  canal  and 
nsrroas  Bystem  of  Mesmto- 
mmn  Khnnber|r>  (after  Oraff). 
O,  the  paired  cerebral  ganglia 
with  two  «ye-epota;  St,  one 
of  thetiro main  lateral  nerrea ; 
Z>^iiaeDtarycanalwiU>mouth 
and  pharynx. 


C-  fi'-^ 


Pig.  77. — Nervous  Hjstom  of 
the  lan'a  of  Coccinclla 
(after  Ed.  Brandt).  O,  sa- 
pra<esnphageal  ganglion 
or  brain;  0/r,  frontal 
ganglion ;  8y,  Bnbceso- 
phageal  ganglion ;  0',-0", 
the  eleven  ganglia  of  the 
ventral  chain  of  thorax 
and  abdomen. 


Flo.  "«.— Nervoun  system 
of  ndnlt  Coccinella  (after 
Ed.  Brandt).  Atj,  optic 
gnnslioii.  The  other  let- 
ters as  in  fig.  77. 


(Gephyrea)  or  of  a  ventral  chain  of  ganglia,  which  may  have  a 
homonomoos  (Annelids)  or  heteronomous  (Arthropods)  aiTangement 
(figs.  77  and  78).    The  concentration  of  the  nervous  system  began 
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in  the  latter  case  may,  by  the  fusion  of  the  brain  and  ventral  cord, 
])e  carried  to  a  8tiU  further  extent,  so  that  in  many  cases  (numennu 
Arthropods)  only  a  sub-<BsophageaI  ganglion  is  present.  In  Mollnaos, 
animaU  in  which  segments  are  not  de- 
veloped, the  RuboRsophageal  ganglion  is 
represented  by  the  pedal  ganglion,  and 
there  ia  in  addition  a  third  pair  of  ganglia 
constituting  the  visceral  ganglia  (fig.  55). 
In  Vertebrates,  the  nervous  centres  are 
arranged  as  a  cord,  lying  on  the  doreal 
side  of  the  skelehil  axis,  and  known  as 
the  spinal  cord,  the  segmentation  of  whicfa 
is  indicated  by  the  reguLir  repetition  of  the 
spinal  nerves. 

This  cord,  which  is  traversed  by  a 
central  canal,  is  anteriorly  widened  and 
(except  in  Amphioxus)  differentiated  into 
a  complicated  ganglionic  apparatus,  the 
brain  (fig.  79). 

The  so-called  sympathetic  or  viscernl 
nervous  system  appears  in  the  higher 
animals  (Vertobi-ata,  Arthropoda,  Hini- 
dinca,  etc.)  as  a  comparatively  indepen- 
dent part  of  the  nervous  sjrstem.  It 
cousi.sts  of  ganglia  and  plexuses  of  nerves 
wliicli  stand  in  connection  with  the 
central  nervous  system,  but  are  not  under 
the  dii-ect  control  of  the  will  of  the 
animal.  They  innervate  the  organs  of 
digestion,  circulation,  respiration,  and 
genex-ation,  and  they  can  carry  on  their 
functions  for  a  longer  or  shorter  time 
after  destruction  of  the  sensory  and  motor 
centres.  In  the  Vertebrata  (fig.  80), 
the  system  of  visceral  nerves  consists  of  a 
double  chain  of  ganglia,  placed  on  each 
side  of  the  vertebral  column  and  con- 
nected with  the  spinal  nerves  and  the 
spinal-like  cranial  ner\-c«,  by  connecting  branches,  the  rami 
annmunicanles.  The  ganglia  correspond  in  number  with  the  above- 
mentioned  spinal  and  cranial  nerves,  and  they  send  nerves  to  the 


Fig.  78.— Brain  nod  «piual  conl 
of  a  pif;re<»i.  ".  cerebral 
bcxDJRpbprea ;  06.  ojitic  lobei« ; 
C,  cervbcllum;  Mo,  roodulla 
nlilongata.    Sp,  •)i1iibI  nerven. 


Aoi'vuus 
DnUiining  here   anil 
?re  gaugliou  cells. 
ner\'o<i8    sys- 
t«ai  |Ki«»esses  further 
Bripheml  »pparatu>, 
be  Menne  oryaitJt,  tlie 
nctiou  of  which  is 
ig    alxjiit    the 
ption  of  cei'tiiin 
>nditioDs    of    the 
Iter    world   im    im- 
iioDN  of  It  (Icliuile 
ie     of      tieusation 
^8peci£c:     energy     of 
nerves*  Joh.  Mtiller). 
These       periphei-al 
rgnas    luiuilly   have 
ke  form  of  jjeciiliarly 
jed     aggrega- 
jns    of  hair-Bhaped 
nxl-shapoJ  nerve 
iinationK    (hair- 
nxl-colls  of  WJn- 
ry  epithelium)  con- 
by      lilirillie 
rith    ganglion    cells, 
trough  which  under 
be  action  of  external 
lifluencws    a     move- 
bent  of  the  nervouH 
il»tance   is  set    up, 
^hich  tmvbU  to  the 
atrftl     organ      and 
ftffectK     cou- 


In  opposition  to  the 
^fferenno  in  the  quali- 
of  the  nertsalions 
»«loecd  by  eat-h  iudi- 
laal  icuse  urgun 
olbor,  tune). 
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and  viscera,  which  there  form  a  complicated  network 
fibres 


Flo.  NO.— Narroiu  aystcm  of  the  trog  (oiler  Baker).  01^ 
iiirmtor^  ner>'aii ;  O,  eye  ;  Op,  optic  nenre  ;  I  j,  G^sMriKii 
gatiKliDu  ;  Xg,  g«njflion  of  vti^iu ;  5!pn  1 ,  Orst  splual  uerre  ; 
Br,  brachlnl  nerrc ;  $«l-10,  tbe  ton  ganglUi  of  the  Ryu.- 
l>BIhetlc  syatcm.    J;  itchial  nerve. 
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Doiotiitiiess  08  »  specific  seofation.  To  these  eiid -colls  tVit-re  are  iiftwi 
added  cuticular  structures,  whose  function  is  to  communicate  tin 
(jxterual  movement  to  the  nervous  substn-nce  (n<tiniil  rods). 

The  speciul  sensntious  have  quit©  gradunlly  hei?n  developed  fmni 
the  general  seuHiilions  (comfort,  discomfort,  pleasure,  pain),  «".'.. 
nerves  of  spocia]  sense  have  been  derived  from  sensory  nerves  which 
have  acquired  a  special  form  of  peripheral  termination,  and  so 
become  accessible  to  a  ij{iec.ial  stimulus  with  which  the  speciitl 
sensation  is  always  associated.  But  it  is  not  till  a  higher  atitg«  of 
development  is  reached  that  the  sense-perceptions  can  be  compared 
according  t«i  the  nature  of  the  sensations  with  those  of  our  own  body. 
We  can  estimate  the  sense  energies  of  the  lower  animals  exceedingly 

vaguely,  and  only  by  the 
iiufutiicient  method  of  «>m- 
{laring  them  with  our  own 
scnsiitions;  and  it  i^iceitain 
that  among  the  lower  a»i- 
mals  there  ai-e  many  forms 
of  sensation  of  which  we, 
in  consequence  of  the  B]>o- 
cialii^d  nature  of  our  u« 
senses,  can  have  no  ciincep 
tion. 

Probably    of     all    ibfl 
senses,  that  of  U»teJt  ii-  tb^ 
most    widely    distribut 
and  with  this  we  certainly 
often    see    a     nuuiljer 
special    sensations    unit 
It  is  generally  ilistribut< 
over  the  whole  surface  of  the  body  ;  frequently,  however,  it  is  con^ 
centrated  on  procesjies  an<l  appendages  of  it.    Probably  the  tentacv 
appendages  of  the  Calenterat4i  and  Echinoderuiata  have  this 
cance.     In   the   Bilateralia    with    a    diflerentiated    head    there 
contractile  or  stiff  segmented  processes  on  the  head,  the  mileniur 
feelers  which  in   the   worms  are  repeated  as   paused  cirri  on  eve 
segment  of   the  body.     It  is  often  ]>ossible   to  trace  special  nen'e 
to  the  skin  and  to  lind  touch  organs  containing  their  endings.     In 
the  Arthropoila  the  ganglionic  end-^w..li;ii.r  nf  a  tactile  nerve  usually^ 
lies  beneath  a  cuticular  appendage  '''"'*  ti'sasmit 

the  mechanical  prcesuro  on  it' 


Fia.  81.— Nervea  with  gauiiUnn  coll*  (V)  IkmimiIi  • 
laotUe  briiac  ( Th)  from  llie  akio  of  Oorettm  larva, 
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^«l*  nimates  amongst  the  Mammalia  there  are  present  papilW 
I  the  skm  (especially  on  the  volar  surface)  in  which  the  structures 
OS  totLoh-ttotlUt,  containing  the  termination  of  tactile  nerveis 
pUced  (fig.  82). 

(In  itddition  to  the  general  sensibility  and  the  tactile  sensations, 
?hfr  animals  po9s»«'«,  as  a  Bpecial  form  of  sensibility,  the 
of  distinguishing  diiferent  t«mperature8. 
The  sensations  of  sound  are  produced  through  an  organ,  the 
nditoiy  org^Jl,  which  is,  in  a  certain  measure,  a  special  modification 
ti  a  tactile  orgiiu.  Tlie  audit<-)ry  organ  in  its  simplest  form  appejirs 
•  a  doned  veaicle  filled  with  fluid  {Endoli/mph)  and  one  or  more 
tllfa nnilii  concretions  (utuliths)  ;  and  containing  in  its  walls  rod  or 
hair  eeUa  in  which  the  nerve  fibrillse  end  (tig.  8.3).  Sometimes  the 
tBvle  lies  on  a  gruiglion  of  the  central  ner- 
««)«s  Byvtem  (Worms),  sometimes  at  the  end 
li  m  »b'>rt«r  or  longer  nen'e,  the  auditory 
ve  (Molluscs,  Decapoda).  In  many  at|Uii- 
the  vesicle  may  be  open  and  its 
nmunicate  directly  with  the  exter- 
ineditun,  in  which  case  the  otoliths  miiy 
!  rppreaented  by  small  particles  such  as  sand- 
tins  which  have  entered  it  from  the  exterior 
!'rustjice;ius).  In  Molluscs  a  deli- 
'  epithelium  (macula  acusticji,  lig. 
1  Ca,  Hz.),  marks  the  percipient  portion  of 
1  itttier  wall  of  the  vesicle ;  while  in  C'nis- 
iMB*  the  fibres  of  the  nuditury  nen^e  end  in 
nticular  rods  or  hairs  which  project  from  the 

•»11  of  the  vesicle,  and,  like  the  olfactory  hairs  of  the  antennse, 
'■nng  ab>mt.  the  nervous  excitations.  In  tlie  Vertebrata  not  onlv 
'W  the  auditory  vesicle  obtain  a  more  complicated  form  (mem- 
'fttoud  labyrinth),  but  there  are  also  a<lde(l  to  it  apparatuses  for 
irmdocltng  and  magnifying  the  sound  (fig.  84).  The  tympanum  of 
AfridciHir  and  Locustids?,  which  is  generally  lixiked  upon  as  nn 
'wiilory  organ,  is  built  upon  quite  a  diiferent  type,  since  here, 
iMtttul  of  a  vetiicle  filled  with  fluid,  air  cavities  serve  for  the  action 
'If  tltd  aound  waves  on  the  nerve-endings. 

Till  visual  organc  or  eyes*  are,  after  the  tactile  organs,  the 
"I'M  widi'ly  di>>tribnted,  and  indeed  are  found  in  all  possible  stages 

*  ff.  R.  LfurkaM.  "  Oivftiiolofric  den   Auges,"  Gra»fe  and  Siimisch,  Hand- 
'"Jt"!!:?  Ophllmliuologic,  Bd.  IL 


Fin.  M.  —  Tactile  papilln 
fmm  the  volar  Hurfaoo 
with  the  touch  corpiucic 
and  ita  nerve  iV*. 
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of  perfection.  In  the  simpleet  ciisee  they  are  known  as  eye-gjtoU,  i 
c-onsistof  imtiible  j)rotoplasm,  i.e.,  nervous  suliBtiince,  containing  pig 
ment  gi-anules ;  iinJ  in  this  form  tliey  ftre  perhaps  soircely  capfthk 
of  distinguishing  light  from  dttrknet«,  but  are  only  susceptible  to  th 
warm  rays.  It  is  hardly  possible  to  conceive  that  pigment  is  indk 
pensable  for  the  sensation  of  light,  because  there  are  muny  eyt-s 
complicated  structure  from  which  pigment  may  lie  altogether  iibsenti 
The  view,  however,  iiccording  to  which  the  pigment  itself  iw  sensitiv 
to  light,  I.e.,  is  chemi&iUy  changed  by  the  light  waves  and  ti-anRmit 
the  excitation  produced  by  these  movements  to  the  prot^jpliism 


Fio,  83 — AoiUlnrjr  resicle  of  n  Uetaropod  (PtorolnichcH).    H.  noniisiic  nerve ;  01,  ol4 
Uie  fluid  of  the  vnicle  i  n't,  clllsml  cella  on  tlie  inner  wall  i>(  the  v«aiclc  :  Ih,  HQiliti 
cells ;  Ct,  cenlntl  cell. 


tie  adjacent  nervous  substance  cannot  in  itself  be  contradictod,  but 
it  is  by  no  means  clear  that  such  changes  are  produced  by  the  light 
rays  a«  opjwsed  to  the  heat  n«y.s.  Of  greater  inipoi-tance  in  this 
ivhttiou  appears  the  special  nature  of  the  nerve  endings,  throu, 
which  certain  movement*,  progi-essing  in  regular  waves,  the  so-c.illi 
filler  waveH,  are  transmitted  to  the  nerve  fibi'es  and  give  rise  to  n 
Htiuiulus  which  travels  to  the  central  organ  and  is  by  it  pen-eived 
iw  light.  In  all  cases  in  which  in  the  lower  animals  specific  nerve 
endings  cannot  be  made  out,  wo  have  probably  only  to  do  with  a 
fort^unner  of  the  eye,  consisting  merely  of  the  pigmentod  termi: 


hi^i 

1^^ 
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tiou  of  a  cutaneous  nerve  which  is  sensitive  only  to  gradations  of 
temperature.  Although  the  sensation  of  light  is  the  function  of  the 
nerve  centre,  the  rods  and  cones  at  the  end  of  the  optic  nerve 
fibres  are  the  elements  which  convert  the  external  movement  of  the 
ether  waves  into  an  excitation  of  the  optic  nerve  fibres  adequate 
for  the  production  of  the  sensation  of  Ught. 

For  the  perception  of  an  image  refractile  apparatuses  in  front  of 
the  terminal  expansion  of  the  optic  nerve  (retina)  are  necessary ; 
and  further,  the  elements  of  the  latter  must  be  sufficiently  isolated 
tD  admit  of  the  stimuli  set  up  in  them  being  carried  as  separate 
movements  to  the  nerve  centre.  Instead  of  a  general  sensation  of 
light  a  complex  sensation  made  up  of  many  separate  perceptions  is 
produced,  which  corre- 
spond in  position  and  j 
quality  with  the  parts  of 
the  exciting  source.  For 
the  refraction  of  the  light 
convex  and  often  lens- 
shaped  thickenings  of 
the  body  covering  (cor- 
nea,  corneal  lens) 
through  which  the  rays 
pass  into  the  eye,  are 
developed  ;  refractile 
bodies  are  also  found 
behind  the  cornea  (lens, 
crystaUine  cone).  The 
rays  diverging  from 
the  various  parts  of 
the  source  of  the 
light  are,  by  means  of  the  refractile  media,  collected  and  brought 
to  corresponding  foci  on  the  retina  or  peripheral  expansion  of  the 
optic  nerve,  which  consists  of  the  rod-shaped  ends  of  the  nei-ve  fibres 
and  some  more  or  less  complicated  ganglionic  structures.  Lately,  in 
consequence  of  the  discovery  of  the  visual  purple*  in  the  outer 
segments  of  the  rods,  it  has  been  attempted  to  reduce  the  excitation 
of  the  end  apparatus  of  the  optic  nerve  to  a  photo-chemical  process 
taking  place  In  the  retina.  The  fact  tliat  the  diffuse  pigment 
(visual  purple)  of  the  outer  segments  of  the  rods  is  bleached  by  the 


Flo.  SI.— Diaf^ram  of  the  auditory  labyrinth.  I.  of  ft 
fish.  II.  of  a  bird.  III.  of  a  mammal  (after  Wal- 
deyer).  U,  utricle  with  the  three  semicircular  canals  ; 
8^  saccule ;  US,  alveus  commuuis  ;  C,  cochlea  ;  L,  la- 
gena ;  S,  a<iue(luctus  vestibnli ;  Or,  canalis  reunicns. 


•  In  addition  to  the  older  worlcs  of  Krohn,  H. 
Wtzungsberichte  der  Akad.  Berlin,  1876  and  1877, 


Muller,  M.  Schultze,  cf.  Boll 
also  Kwald  and  Kiihnc. 
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action  of  light  ib  of  the  highest  iutei-est,  but  it  cannot  be  taken  a*1 
proving  a.  direct  iwjlicipation  of  the  vLsual  purple  in  the  vin-tutj 
prooes!),  innjsmuch  as  the  visual  purple  hi  not  pi-esent  in  those  p«.rt(| 
of  the  oya  in  which  alone  a  distinct  image  is  formed,  viz.,  the  macula* 
luteu  and,  generally,  the  outer  segments  of  the  cones. 

The  pigment  of  the  eye  seems  to  be  of  importance  for  abisorbiog 
the  superfluous  rays  of  Ught  which  would  be  injuriouB  to  the  per 
ception  of  au  image.     It  is  distributed  pai-tly  immediately  out<<)d4 
the  retina,  forming  the  choi-oid  coat  of  the  eye,  wliich  extends  nl»< 
inwards  between  the  individual  retimil  elements ;  and  piu-tly  in  fronti 
of  the  leU6,  giving  i-ise  to  a  transversely  placed  curtain,  the  irid 

which    is  pierced 
an  oijcning,  the pupH 
capable    of    cent 
ting  and  dilating.    lal 
the  higher  gindes 
development     th^ 
whole   eye    is,   as 
rule,   enclosed    in 
hard,  connective  tia 
sue  coat,  the  scferolie^ 
and  thus  marked  oil 
as  an  eye  bulb. 

The   arrangeraenta 
by  which  the  shining 
points  of   an   obje 
act    in    regtilar 
rangenient  on  cor 
spondingjMMntsof  thai 
optic  nerve  and  so  render  passible  tl»e  pen-eption  of  an  image  vaj^', 
and  ai'e  closely  dependent   upon   the  whole  stnieture  of  the  eyaJ 
Ltinnug  out  of  consideration  the  simplest  eyes,  such  as  we  find  iB 
WoiTUB  and  the  lnwer  frnstiiccji,  two  Iv|kxs  of  eye  are  to  \te  dis(in-l 
guishcd. 

1.  The  first  form  iH?<-ui-h  in  the  sociiUed  j'tfrllnl  e;/-^D*  (tigs.  So 
8G)  of  Arthropods  (Crustacea  and  luMvts).  The  retina  of  such  eye 
hoB  a  hemispherical  form,  the  convex  surface  tteing  directed  out 
wards,   and  consists  of   hirge   compound  nerve   rods,  the  i^etinnU 


Fia  W,— DlnirrMnmfttlc  repreMiuuion  of  the  compound  eye 

of  ttL1bf>11iiltt.  r,  eornc«;  JT,  or,VBtaUiuc  cone  ;  P,pigta^ui: 
U,  iiiTvo  rchln  of  rrltnu  ;  Ft,  layer  of  Qbret> ;  Gs,  layrr  of 
KftDgliou  colU ;  Kf^  lotlmil  AhroB ;  Fi\  crtjMlDK  of  flhrtvH. 


■  '         MiUlcr,    "Zur  vereleicliendfii  I'liysioloj^e   rt-w   Gi-^iclitAsiiunw,' 

l,i/i  H,  (ifHnncliiT.  "  Unitmuchuiigtjn  iibcr  iliui  Sehorj,-*!!  der  Arthr 

pouc  1,    ..  ■i.-.injrii,  1H7». 
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(figs.  85  &  86  R/  &  R),  which  are  separated  from  one  another  by 
pigment  sheaths.  In  front  of  these  rods  are  pltu^  the  sti-ongly 
refractile  crystalline  cones  {It),  and  in  front  of  these  again  the  lens- 
shaped  corneal  facets  (C  &  F). 

The  eye  is  enclosed  by  a  firm  chitinous  layer,  which,  following 
the  sheath  of  the  entering  optic  nerve,  surrounds 
its  soft  parts  and  renches  as  far  as  the  cornea. 
That  part  of  the  eye  which  is  known  as  optic 
nerve  corresponds  in  a  great  measure  to  the  retina 
itself,  and  contains  a  layer  of  ganglion  cells  and  of 
nerve  fibres. 

A  reversed  and  reduced  picture  of  the  object 
is  thrown  behind  each  convex  corneal  facet  (lying 
far  from  the  sensitive  layer  of  nervous  rods),  and 
only  the  perpendicular  rays  can  be  perceivetl  since 
all  the  others  are  ab.sorbed  by  the  pigment.  Ac- 
cordingly the  light  impressions  caused  by  these 
axial  rays,  whose  number  con-esponds  with  the 
separate  nerve  rods,  form  a  mosaic  on  the  retina 
which  repeats  the  arrangement  of  the  parts  of  the 
external  object  emitting  light.  The  picture  which 
is  here  formed  lacks,  however,  brilliancy  and  dis- 
tinctness. 

2.  The  second  foim  of  eye,  which  is  widely  distri- 
buted in  the  animal  kingdom  (the  simple  eye, 
Annelids,  Insects,  Arachnida,  Molluscs,  Verte- 
brates) con-esponds  to  a  globular  camera  obscuni 
with  collecting  lenses  (cornea,  lens)  on  its  exposed 
anterior  wall  on  which  the  light  falls  and  usually 
with  additional  dioptric  media  filling  the  optic 
chamber  (vitreous  humour.)  The  simple  eye  of 
Insects  seems  to  have  originated  from  the  simple 
metamorphosis  of  part  of  the  integument,  beneath 
which  are  placed  the  end  organs  of  the  optic  nerve 
(fig.  87).  The  cuticular  covering  {CL)  projects  lus  a 
lens-shaped  thickening  into  the  subjacent  layer  of 
transparent,  elongated,  hypodermis  cells  {Gk), 
within  which  are  placed  elongated  rod-like  nen-e- 
cells  with  refractile  cuticular  portions,  closely  aggregated  to  form  a 
retina  (fig.  87  Rz).  The  hypodermis  cells  surrounding  the  edge  of 
the  lens  are  filled  with  pigment,  and  form  an  irisi-like  dark  ring 


Pio.  86.— Three  fa- 
cet* with  retinnla) 
from  the  com- 
pounil  eye  of  n 
cockchafer  (after 
Grenacher).  The 
pigTTient  has  l>een 
dissolved  uw-ay 
fn^m  two  of  them. 
F,  conienl  facet. 
JT,  crystalline 
cone.  P,  pigment 
sheath.  P,  chief 
pi)?ment  cell.  P", 
pi>nnent  cells  of 
the  second  order. 
S,  retinulie. 
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through  the  opening  in  which  the  rays  of  light  enter  the  eye  to  fall 
on  the  teniiinal  segments  of  the  retinal  cells  (fig.  87). 

In  the  more  highly  developed  forms  of  this  type  of  eye,  especially 
in  the  Yei-tebrate  eye,  the  peripheral  portion  of  the  optic  nerve 
spreads  out  tso  as  to  form  a  cup-shaped  nei-vous  membrane,  the  retina, 
placed  immediately  behind  the  refmctile  media  and  surrounded  by  a 
vascular  pigmented  membrane,  the  choroid.  The  choroid,  again,  is 
suiixiunded  by  a  tough  supporting  membrane  composed  of  fibrous 
iHmuective  tissue,  and  known  as  the  sclerotic,  which  is  continued  over 
the  anterior  part  of  the  eye,  i.e.,  that  part  through  which  the  light 
passes,  as  a  thinner  transparent  membrane.  Of  the  ivfractile  media 
which  are  placed  behind  the  cornea  and  fill  the  cavity  of  the  optie 

bulb,  viz.,  the  aque- 

Cl      ous  humour,  the  lens 

(fig.  88  L),  tlie  vitre- 
ous humour  (Cfl),  the 
lens  is  the  meet 
powerful.  Grasped 
by  the  thickened 
muscular  anterior 
part  of  the  choroid 
(the  ciliary  body  {Cc) 
and  ciliary  processes), 
the  peripheral  part 
of  its  anterior  face  is 
covoi-etl  by  a  forward 
continuation  of  the 
choivid,  the  iris  {Jr), 
which,  as  a  ring-like 
contractile  border, 
forms  a  kind  of  diaphragm  perfoint^il  by  a  centnil  contractile  opening, 
tlic  pupil,  through  which  the  light  enters  the  eye  (lig.  88).  The 
rever.sed  imago  wliich  is  formed  in  the  hinder  {Kirt  of  the  Vertebrate 
eye  on  the  cup-.shaped  retina  hius  a  very  considerable  brilliancy  and 
definition. 

The  eyes  of  many  CeplialoixKls  may  Ix^  hjokud  upon  as  a  modifica- 
tion of  this  tyjje  of  t-ye.  In  the  eye  of  Nautilus  the  lens  is  al>sent, 
and  the  light  enters  through  a  small  opening.  In  this  case  a 
revei-sed,  but  not  brilliant,  image  is  formed  on  the  retina  placed  on 
the  hinder  wall  of  the  eye. 

To  emible  the  eye  to  .see  elesirly  ol)jects  in  difl'erent  diivctions  and 


Fig.  H7.— Transverse  Hcction  thnmj^h  the  siiiii)U»  oyo  of  a 
Ix-ctlo  Inrva  vnnrtly  after  Orenacher).  CX,  conioal  Ictis  ; 
6'Jt-,  the  oubiai'ont  hyp<Klcrini8  coUi*»  the  vitreuUB  hiiiuour 
nf  Aut-lioi*s  :  P.  pijrment  iu  the  peri)>heral  cells  of  the  lat- 
ter ;  Ss,  reliiial  cells.    St,  cuticular  nxU  of  the  latter. 
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at  distADce^s,  special  apparatu.ses  for  its  movement  and 
icxintion  are  necessary.  TLey  are  represented  by  muscles  which 
in  the  former  case  move  the  optic  bulb  and  motlify  the  direction 
of  sght  in  obedience  to  the  will  of  the  animal,  and  in  the  latter  act 
vfoa  the  refractile  media,  and  vary  their  rebitiou  to  the  retuia.  In 
■•aj  couipouud  eyes  (Decapod  Crustacea)  that  part  of  the  bead  on 
wlii^  the  eye  is  placed  is  prolonged  ao  as  to  give  rise  to  a  movable 
9Ulk-like>  process,  which  bears  the  eye  at  its  extremity.  The  eyes  of 
VertaljrMik  poesess  in  addition  special  protective  arrangemento,  e.g., 
crdidf;,  laerymiil  glundt>. 

TLe  position  and  number  of  the  eyes  pre^tent  very  great  variatioas 
aaongsfe  the  lower  animals. 
■  Zhfl  pkired  arrangement  on 
^^k  b«k4l  appears  to  be  the 
^HtnenJ  rule  among  the  higher 
^^^piamls ;  nevertheless  ^'i8ual 
ar^Mis  Mime^imeji)  oc-cur  on 
fuitm  of  the  body  far  remo\-ed 
fram  the  brain,  as  for  iusUuice, 
is  Baphausia,  Pecten,  Sp<^iidy- 
Im,  Mid  certain  Anueli<ls 
(tkliellidv).  In  the  RadiuU 
the  ejneB  are  repeated  at  the 
ibery  of  the  body  in  each 
iiufv.  In  the  stiu'  fishes 
lie  at  the  extreme  end 
e  ambulacRil  furrow  at 
tip  of  the  arms,  in  the 
■B  the  marginal 
I  th«  e<lge  of  the 
brellA. 

»  sense  of  smell  appears  to  be  less  widely  distribute*!.     Its  fiinc- 

is    to  tttst  the  quality  of   gascou.s  mattei's  and  to  produce  in 

ii>u<int«.s  the  special  form  of  sensation  known  as  "  Smell."     This 

in  nrpiatic  auinuilH  which  bre«the  tliroiigh  gills  cannot  beshinply 

Buriced  off  from  that  of  tjiste.     Tlie  small  pit.s,  standing  in  connec- 

with  nen-es  and  provideil  with  an  epithelial  lining  of  hiiir-benring 

cells  are  to  be  kicked  upon  as  the  siniple:«t  form  of  olfactory 

-^Medusn?,  Uetcropoda,  Cephalopoda).     Nevertheless  scattered 

cells  (Lamellibnincliiatrt)  may  also  have  to  do  with  the  samo 

.on.      In  the  Arthropoda    the   cuticular    appendages   of   the 


Pki.  no— TninMene  wclion  thrnn^h  iho  linmitii 
e.vc  (after  Arlt).  f.  cornea  ;  i,  len« ;  Jr.  Iri» 
with  papil ;  Cc,  ciliary  tjiKly ;  01,  vitreoue 
hnmour;  S,  retina  ;  Se  Hclfnitii; ;  U,  (.-buruiil. 
.W(,  mncula  latea ;  Po,  papilla  optica  i  .V", 
optic  uervo. 
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dearly  distinguishable  than  in  the  higher,  and  there  are  numerous 
■eoses  of  an  Lntermediate  character  for  the  purpose  of  testing  the 
mrrounding  medium. 

The  sense-organs  of  the  lateral  line  of  Fishes  and  Salamanders,  and 
the  organs  resembling  taste-buds  of  the  Hirudinea  and  Chtetopoda 
have  been  described  as  organs  of  a  eixth  sense.  They  probably  bring 
about  certain  sensations  referring  to  the  qiudity  of  the  water. 


PSYCHICAL  LIFE*   AND  INSTINCT. 

The  higher  animals  are  not  only  rendered  conscious  of  the  unity 
of  their  organization  by  their  feelings  of  comfort  and  discomfort, 
pleasure  and  pain,  but  also  possess  the  power  of  retaining  residua 
of  the  impressions  of  the  outer  world  conveyed  through  the  senses, 
and  of  combining  them  with  simultaneously  perceived  conditions  of 
their  bodily  state.  In  what  manner  the  irritability  of  the  lower  pro- 
to[rilasmic  organisms  leads  by  gradual  transitions  and  intermediate 
steps  to  the  first  affection  of  sensation  and  consciousness  is  as 
comftletely  hidden  from  ns  as  are  the  nature  and  a<;seuce  of  the 
pqrchical  processes  which  we  know  are  dependent  on  the  movement 
of  matter. 

We  are,  however,  justified  in  supposing  that  a  nervous  system 
is  indispensable  for  the  development  of  these  internal  conditions 
which  may  be  compared  with  that  condition  of  our  own  organization 
called  consciousness.  Again,  as  animals  have  sense-organs  capable 
of  receiving  impressions  of  definite  quality  from  external  causes, 
together  with  a  capacity  for  retaining  in  their  memory  residua  of 
their  perceptions,  and  the  power  of  connecting  them  with  present  and 
with  the  recollection  of  past  states  of  bodily  sensation  so  as  to  form 
judgments  and  conclusions,  they  possess  all  the  conditions  essential 
for  the  operation  of  the  intelligence;  and,  as  a  matter  of  fact,  they 
do  manifest  in  an  elementary  form  nearly  all  the  phenomena  which 
distinguish  human  intelligence. 

The  actions  of  animals  are  not  only  voluntary,  the  result  of  exjjeri- 
«nce  and  intellectual  activity,  but  are  also  largely  determined  by 
internal  impulses  which  work  independently  of  consciousness,  and 
cause  numerous,  often  very  complicated,  actions  useful  to  the  organism. 
Such  impulses  tending  to  the  preservation  of  the  individual  and  the 

•  W.  Wandt,  "Vorlesnnj^n  Uber  die  Menschen  und  Thierseele."  2  Bde. 
Leipzig,  18S3.  W,  Wnndt,  "QrnndzUge  dcr  phyriologischen  Psychologic," 
IJeipiig,  1874. 
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species  are  ciilled  iv-atincls ;*  und  tliey  are  usually  regarded  m  » 
special  property  of  the  lower  animals,  and  contrasted  with 
conscious  reason  of  Man.  But  just  as  the  latter  must  be  lool 
upon  OH  a  higher  form  of  the  understanding  and  intellect,  an<l  n< 
OS  something  essentially  distinct  from  them,  so  a  closer  ex;iminati< 
shows  that  instinct  and  the  conscious  understanding  do  not  stand  in 
absolute  oontiivst,  but  rather  in  a  complex  relation,  and  cannot 
sharply  luarked  off'  from  one  another.  For  if,  aceortling  to  t 
general  view,  we  recognise  the  esseuoe  of  instinct  in  the  unconsoii 
and  the  innate,  still  we  find  that  actions  which  were  at  first  perform: 
tinder  the  direction  of  conscious  intelligence  become,  by  cons' 
practice,  completely  instinctive  and  are  performed  unconscious! 
and  that,  in  accordance  with  the  theory  of  descent,  which  the  wh 
c<innection  of  mvtural  phenomena  remiers  so  prtjbable,  instincts  ha' 
Iwen  developed  from  small  Iteginnings,  and  have  only  hoen  able 
reach  the  liigh  and  complicated  forms  which  we  admire  in  many 
the  more  highly  organised  animals  ( Uymenoptera),  when  ass; 
by  a  certain  aniotint,  however  small,  of  intellectual  activity. 

Instinct  accordingly  may  be  rightly  defined  as  a  mechanism  wm( 
works  unconsciously,  and  is  inherited  with  the  organization,  a) 
which,  when  set  in  motion  by  external  or  internal  stimuli,  leads  to 
the  performance  of  appropriate  actions,  which  apparently  are  directed 
by  a  conscious  purpose.  We  must  not,  however,  forget  that  while 
the  intellecttial  activities  are  the  direct  moans  whereby  higher  and 
more  ,c<iinplicate<l  instincts  arise  from  simple  ones,  they  themselves 
depend  upon  mechanical  processes.  We  may  well  suppose  that  the 
simplest  form  of  instinct  is  identical  with  the  definite  reaction  of 
living  matter  following  a  stimulus,  or,  in  other  words,  with  tliat 
special  form  of  uiolectilar  change  which  is  caused  by  an  external 
action  (as,  for  instance,  the  contraction  of  an  Anitrbn  when  brought 
iutt)  contact  wit  h  a  foreign  body). 

By  the  theory  of  partly  instinctive,  partly  intellectual  processes, 
we  may  explain  the  phenomena  of  asscjciation  in  societies  so  often 
found  among  the  higher  animals,t  t.«.,  the  association  of  numerous 

•  Compare  H.  .S.  Roiinaiius,  "AUgcmeine  Bctrnohtungen  Uber  die  Triebe 
(lor  Tliicrc,"  Hambutv,  1773.  P.  Flourcnn,  "  De  I'iustinct  et  dc  I'lnteUigena; 
ilex  Aiiimaiix,"     Paiix.  1851. 

t  The  oriftin  of  the  so-called  animal  stocks  with  incomplete  or  confined 
jttdividunlity  amxiit;  the  lower  nuimiUs  is  quite  difforont,  and  inertly  dctcrmintsl 
by  proce»ses  of  growth  ;  «l  the  sami;  time  the  advantage  for  the  preservatinn 
of  the  4p«oies  pniiK^d  by  the  fusion  is  the  some.  CL  the  auimal  stocks  of  tho 
Voriiccljidic,  Folyfis,  and  8iphonophon^  Brroroa  and  Tunicata. 
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mdividuals  into  oommunities — the  so-called  animal-polities — which 
may  be  complicated  by  the  division  of  labour  (Bees,  Wasps,  Ants, 
Termites). 

In  fact  here  the  combined  action  appears  to  be  mutually  assisting 
or  matoaUy  limiting  as  we  find  in  Ihooo  fowna  the  so-called  animal 
stocks,  the  individuals  of  which  are  bound  together  by  continuity  of 
body.  The  advantages  to  be  gained  by  this  mutual  rendering  of 
service  are  not  merely  Umited  to  the  greater  facilities  for  nourish- 
ment and  defence,  and  therefore  for  the  preservation  of  the  in- 
dividual ;  but,  above  all,  tend  to  the  maintenance  of  the  offspring, 
and  hence  to  the  preservation  of  the  species.  It  is  for  this  reason 
that  the  simplest  and  commonest  associations,  from  which  the  more 
complicated  communities,  subdivided  by  partition  of  labour,  are 
derived,  are  generally  communities  of  both  sexes  of  the  stime 
species. 


EEPRODUCnVE   OBGANS. 

On  account  of  the  limit  set  to  the  duration  of  the  life  of  every  organ- 
ism, it  appears  absolutely  necassary  for  the  preservation  of  the  animal 
and  vegetable  kingdoms  that  new  life  should  originate.  The  forma- 
tion of  new  organisms  might  be  due  to  spontaneous  generation 
(generatio  equivoca) ;  and  formerly  this  was  supposed  to  take  place, 
not  only  in  the  simpler  and  lower  organisms,  but  also  in  the  more 
complicated  and  higher.  Aristotle  thought  that  Progs  and  Eels  arose 
spontaneously  from  slime ;  and  the  appearance  of  maggots  in  putre- 
fying meat  was,  till  Redi's  time,  explained  in  the  same  manner. 
With  the  progress  of  science  the  limits  within  which  this  supposition 
could  be  applied  became  ever  narrower,  so  that  they  soon  came  to 
include  only  the  Entozoa  and  small  animals  found  in  infusions. 
Finally  it  has  been  shown  by  the  researches  of  late  years  that  these 
organisms  also  must,  for  the  most  part,  be  withdrawn  from  the  region 
of  the  generatio  equivoca ;  so  that  at  present,  when  the  question  of 
gponCaneotts  generation  is  discussed,  it  ia  only  the  lowest  organisms, 
those  found  in  putrefying  infusions,  that  are  considered.  The 
greater   number  of   investigators,*   supported   by  the    results    of 

•  Ct  especially  Pasteur,  "  Memoire  sur  lea  corpuscnies  organises  qui  existent 
dang  ratmosphire"  (Ann.  des.  8c.  Nat.),  I86I  ;  also  "Experiences  relatives 
aaz  generations  dites  gpontandes ''  (Compt.  rend,  de  I'Aead.  des  Scienceei, 
tome  50). 
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rmmeroBS  experiments,  have  rejected,  even  for  the  hitter  aniii 
the  idea  of  bpontaneous  generation,  which,  however,  still  timis 
Ponchet*  a,  proinincut  and  zealous  supjjorter. 

Biogenefds,  as  opposed  to  abiogeiiesis,  or  spontaneous  generation 
must  be  regarded  as  the  usual  and  normal  form  of  reproductio 
Fnndameuttilly  it  is  nothing  else  than  a  growth  of  the  org 
beyond  the  sphere  of  its  owtj  individuality,  and  can  Iwalwiiys  pe<lue 
to  a  separation  of  a  pai-t  of  the  body,  which  develops  into  an  ind 
vidual  resembling  the  pirent  organism.  Nevertheless  the 
and  method  of  this  pivicess  differ  extiiiordinarily ;  and  various  kind 
of  reproduction  cm  l>e  distinguished,  viz.,  jUxion,  hti>liUiuj  (a 
fortnat'wii),  /lexiinl.  rrprodu^t'wn.j 

Beproduction  by  fission,  which,  with  that  by  hutUling  and 
/oTinadon,  is  inclu<lfil  under  the  term  mojiogenoiui  asexual  repnxlu 
tion,  is  founil  widely  scattered  in  the  lowest  animals,  and  is  also  i 
special  importance  for  the   reproduction   of   the  cell.      It  cons 
simply  of  a  division  of  the  organism  into  two  parts  by  means  of  « 
constriction  which  gradually  becomes  deeper,  and  eventually  loads  ( 
the  separation  of  the  whole  body  of  tlie  organism  into  two  individtu 
of  the  same  kind.     If  the  division  remains  permanently  incompleb 
and  its  products  do  not  completely  sepsnite  from  each  other,  con 
pound  colonies  of  animals  arise.     The  number  of  individuals  in  sue 
colonies  increases  by  a  continuation  of  the  process  of  incomplete  i 
often  diehot-omous  diWsion  of  the  newly-formed  individuals  (Vor 
cella,  Poh'p  stocks).     The  division  may  take  place  in  various  dir 
tions — longitudinal,  transverse,  or  diagonal. 

Budding  dillers   from   fission    by   a    prece*lent    disproportionate' 
and  asymmetrical  growth   of   the  body,  giving  rise  to  a  structuro 
not  absolutely  necessary  to  the  parent  organism  which  is  develo 
to  a  new  individual,  and  by  a  process  of  con.sti'iction  and  diWidc 
becomes  independent.     If   the  buds  remain   permanently  attache 

the  parent,  we  have  here  also  the  conditions  necessan,'  for 

rmation  of  a  colony  (Polyp  colonies).     Sometim<<s  the   budd 
tjikes  place   at   various   parts   of   the   outer   sui-fiice   of    the   t^jt 
irregularly  or  obeying  delinito  laws  (i\>cidians.  Polyps) ;  sometime 
it  Ls  localised  to  a  definite  jMirt  of  the  body,  separated  offas  n  Gem 
stock  (Salpa,  stolo  proUfcr).    The  cell-layei-s  distinguished  as  germiiiii 

I'ouchel.  "  NduvcUps  expirienceii  »nr  In  g^n^rstion  t<pont»ii6c  el  U  rft«is 
'  ritalc,"  Paris,  I8C4. 
t  Cf.  R.  Lcuckart's  article,  "  Zengnag  "  in  E.  Wagner's  "  Il&ndworterbuo 
(ier  PhyBiologif." 
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layers  ore   repesitpd  in  the  commencing  buds,  and  from  tlipm   the 

orgnns  are  dirterentiiited. 

The   reproduction  by  spores  is  characterised  by  the   production 

within  the  organism  of  cells,  which  develop  into  new  individuals  in 

ntti  or  after  leftving  the  organism.  But  this  conception  of  spores, 
^Krhich  is  t&ken  from  the  vegetable  kingdom,  can  only  be  applied  to 
^blie  Protozoa  and  coincides  with  endogenous  c(>11-division.  The  coses 
^Pof  wxalied  s])ore-formation  amongst  the  Metiizoa  (germinal  sacs  of 

Trematodes)  are  probably  identical  with  egg  formation,  and  are  to  be 

reduced  to  a  precocious  matm-ation  and  spontaneous  development  of 

ova  (Piirtbenogene-sis,  Piedogenpsis). 
The  digenoas  or  sexual  reproduction  depends  upon  the  production 

of    two  kiuils  of   germinal  et-lLs,  the  combined  action   of   which    is 

oeceesAty   for    the    de- 

Blopment  of  a  new  or- 
ai&m.  The  one  form  of 
Bk.  cells  contains  the 
material  from  whii-li  the 

I  pew  indi  vidunl  ui-i»es,  and 
Is  known  as  the  egy-cell, 
br    merely    etfy   {ovum), 
Tl>e    second    form,    the 
tptrm-cell      (ajKrmalo- 
i),  contains  the  ferti- 
Bg  niiiterL'il,  semen  or 
which  fusM  with 
contents  of  the  egg- 
C'U,  ami  in  a  way  which 
not  undarstood  gives 
de  impetus  to  the  de- 

ilo])ment  of  the  egg.     The  cell  structures  fi-om  which  the  eggs  and 

■perm  arise  are  called  sexual  oryans,  for  reasons  which  wUl  lie  ovi- 

in  the  sequel ;  the  eggs  being  produced  in  ihej'ewale  organ  or 

ftirt/,  and  the  semen  in  the  male  organ  or  testis.     The  egg  is  the 

le,  and  the  semen  the  male  product. 
The  structure  of  the  sexual  organs  presents  extraordinary  difle- 
ences  and  numerous  gnules  of  progressive  complication.  In  the 
impiet<t  cas^-,  both  products  arise  in  the  botly  wall,  tlie  cells  of  which 
ivt"  rise  ut  determined  pLtces  to  ova  or  sperujntozoa  (Ctelentenita). 
hmetimes  they  arise  in  the  ectoderm  (Hydruid-MedusK;),  sometimes 
in  the  entoderm   (Acalephu,  Anthozoa).      A   similar  ari-angement 

7 


Fio.  flO.— OcnemtfTO  orisnni  of  h  Heteropod  (Plcrotra- 
cbeit)  after  R.  L«ueluirt.  u,  MaleKirRiuis ;  T,  testis- 
r</,  voji  deforoDB.  &,  fcmalt*  nreans ;  Or,  uviiry ;  BJ, 
alhumoD  ^laad  ;  £•,  rocepCiicolum  Beralnis ;  I'a,  va- 
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obtains  in  the  marine  Polychfeta,  in  which  the  ova  iiiul  Rpermatozai 
are  developed  from  the  epithelium  of  the  body-cavity  (mesoderm),  iinil 
debited  into  the  body  cavity.  Usually,  however,  specinl  glands,  the 
ovaries  and  testes,  are  developed,  which  perform  no  other  function 
thitu  that  of  secreting  ova  and  spermatozoa  (Echinodei'ms). 

As  u  rule,  however,  there  ore  found  associated  with  the  male  and 
female  generative  glands  accessory  structuresii  and  a  more  or  less  com- 
plicated arrangement  of  ducts,  which  discharge  definite  functions  inj 
connection  with  the  development  of  the  generative  pi-oducts  suli 
quent  to  their  separation  from  the  glands,  and  ensure  a  suitabk 
meeting  between  the  male  and  female  elements  (tig  90).  The  ovaria 
are  provided  with  ducts,  the  oviducts,  which  are  not  rarely  derive 


Tia.  01,«.— ThefemnU-oreaiMOf  PDloi(ftft»r  8t«ln).    Or,  onirUin  tnbea ;  Jb,  i 
ar^miuia ;  V,  riHflna ;  O'.  BCCoMory  itlnuiL    6,  Tbo  mule  triDerotiTC  organ*  of  ■  \ 
(Nepa)  (af  lor  Stain).  T,  lerxit ;  I'd,  vaaa  deforciicia ;  Ul,  Hcccasory  glunds  i  D,  dootna^ 
latorlus. 

from  structures  serving  quite  anotlier  purix>se  (segmental  organs)! 
The  oviducts,  in  their  course,  may  i-eceive  glandular  appendages 
various  kinds  which  furnish  yolk  for  the  nourishment  of  the  ov 
or  albumen  to  surround  it,  or  umterial  for  the  formation  of  a  hn 
egg-shell  (chorion).  These  functions  may  be  s<iinetimes  discharged 
by  the  ovarian  wall  (Insects),  bo  that  the  egg  when  it  enters  thfl 
oviduct  has  taken  up  its  accessory  yolk  and  ii<;-<|uired  its  firm  egg 
sliell.  Very  often  the  ducts  also  discharge  these  vaiious  functioned 
and  are  divided  into  corresponding  regions  ;  they  are  oft«n  dilut 
at  jiurt  of  thi'ir  course  to  form  ii  reservoir  for  the  retention  of  th 
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of  the  developing  embrj-os  (uterus).  Tlielr  teiininal  section 
proent*  ditferentintions  subserving  fertilization  (receptaciiliim 
floainis,  vagina,  copulatory  pouch,  exteniHl  generative  orgnns).  Tlie 
eflbreot  ducts  of  the  testis,  the  vasa  deferentia,  likewise  frequently 
gira  rise  to  reeervoirs  (veaculie  seminales)  and  receive  glands  (pros- 
tate), the  secretion  of  which  mixes  with  the  sperm  fluid  or  surrounds 
aggKfjadons  of  the  spermatozoa  with  a  lirm  sheath  (spermatophon^). 
Tbe  terminal  section  of  the  vas  deferens  becomes  exceedingly 
and  gives  rise  to  a  ductus  ejaculatorius,  which,  as  a  rule, 
ap«uied  by  an  external  organ  of  copulation  to  facilitate  the 
eoaverajioe  of  the  aemen  into  the  female  generative  organs.  The 
gvaerstive     orgitnn     present  «. 

dtber  *  radial  (Cielenteratn,        Zd. 

SeldnodermHta)  or  a  bUate-       ^fliUMI^S^F  (. 

nDj symmetrical  arrangement 
(fig.  91),  a  contrast  which  is 
lie  in  the  typical  arrange- 
of   all   the  gystem.s    of 


The  fsimple;^  and  mo^t 
itive  condition  of  the 
ttive  organs  is  the  /wr- 
mi^rodiU.  Ova  and  spcr- 
iii»tnw>ii  ore  produced  in  the 
body   of   one  and   the  same 

iadividnal,  which   thus   imites     Fio.  ax.— Soxnal  orgnns  of  >  Ptempod  (CjmhnUn) 

b   it«ir   all    the    con.litions      '^STc^raTc^ ;  l^'c;^^ '^.t' ^ 
iwocnuy  for  the  preeervation       ''•  "t<'i'ui>.  6,  Acinu>  nf  tiie  bemiBphnxUte  gUuid 

_•      ^«  .  ,        ,  of  the  Bame.    0,  uva ;  5,  apemiulojo*. 

fli     tbe     species,    and    alone 

Kpraeettts  the  species  Inst.ance8  of  hennaphi'oditism  are  found  in 
every  group  of  the  animal  kingdom.  But  they  are  especially  nume- 
in  the  lower  gmups,  and  also  in  animals  in  which  the  movement!* 
»low  (I.rti)d-Bnails,  Flat- worms,  Hirudiueit,  OLig(x;hffit«),  or  which 
*iiigly  (CcKtoda,  Trematoda),  or  in  attached  animals  which  are 
fower  of  changing  their  position  (Cirripedia,  Tunicata. 
fV/tlters).  The  hermaphrodite  arrangement  of  the  gene- 
tirpan*  presents  great  variation,  which,  to  a  certain  extent, 
.  a  gradual  series  tending  toward.s  llie  sepanition  of  the  se.xes. 
In  the  Minplest  cased,  the  jwints  of  origin  of  the  two  kinds  of 
»v«  products  lie  close  to  one  another,  so  thut  the  spermatozoa 
fa  mwt  dirwtly  in  the  parent  body  (Ctenophoiii,  Chrysaora). 
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The  elements  of  both  sexes  arise  iii  layers  of  cells  which  have  a  defiuil* 
position  lienwitli  the  entodermal  liiiiu);  of  the  gastro-vascular  i 
uud  can  be  traced  buck  to  growths  of  the  ectoderm.     At  a  higbn 
stage  the  ovaries  and  testes  are  united  in  one  gland,  t  ho  hemniphrodiu 
glaud  (Syu!«pta,  Pteropoda),  provided  with  a  single  duct  ct)inmon 
the  ova  and  spermatozoa  (fig.  92),  but  which,  bs  in  Helix  (fig.  93]| 
may  partially  separate  into  vas  defei-ens  and  oviduct.     In  other  ( 
the  ovaries  and  testes  appear  as  completely  sepai-ated  glands  wit] 
separate  ducts,  which  may  stUl  open  into  a  common  cloaca  (Ceetod%1 

Tromatoda,         rhalxloco'l 
_^^         Turbellarians,  fig.    94), 
may  possess  pejxirat*  op 
ings  (Hintdinea,  tig.  95). 

Two  hermaphrodite 
dividuals  may,  and  thiti 
apjHSU-s  to  be  the  rule, 
mutually  fertiliae  each 
other  at  the  same  tiaM|^| 
or  ca«es  may  occur  in  sucB^" 
hermaplirudites  in  which 
w?lf-fertilizatioti  is  siillicietit 
for  the  j)roduetion  of  ort- 
spring.  But  this  original 
condition  of  self-fertiliia- 
tion  app>ear8  to  be  the  ex- 
oeption  in  almost  all 
hermaphrodites.  In  those 
animals  in  which  the  oviii'V 
and  testis  are  not  com- 
pletely .'*epftrated  from  one 
another  crosw-fertiliaitiuu 
is  rendered  necessary,  and 
self-fertilization  p^e^-ent«l 
by  the  fact  that  the  imile 
and  female  elenients  are  matured  at  different  times  (Snails,  Snips). 

From  I  his  form  of  complete  liei-mapliroditism  the  generative  organs 
pass  through  a  stugn  of  incomplete  hermaphi-oditism,  in  which, 
though  the  ergons  of  both  sexes  are  piv*-ent,  one  of  them  is  rudi« 
mentiiry,  to  reach  the  iHoecious  condition  in  which  the  »esos  ore 
completely  separated  ( OinlomuinjUiicuUe  and  fiminatMum).  Animals 
in  which  the  sexea  ai-e  distinct  not  unfrequently  present  trac«&  of  an 


Fio.  I)i.-  SciiiiiJ  nrgunt  nt  tlic  Rnmiin  Simil  (Hollx 
jioroaUik)  J?<'.  lufrmaphrnflilo  Klnnd :  Zff,  it«  duct ; 
Bit,  Rlbunimi  [rl»ti>l ;  OtI,  uvidnct  nnil  eciuinal 
gnxiTo ;  Vd,  viu  ilefwnis ;  P,  priJtnwiblo  |>ouui  j 
Fl,  ll»;relluin  ;  Jit,  roooptocnlum  wmini*  s  D, 
flniMr-ahuiiod  elMiil ;  L.  Splcnlmn  ftmorU ;  06, 
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hermaphrodite  arrangement ;  such,  for  instunoe,  a«  may  be  seen  in 
the  arr.»af»ement  of  the  generative  iluuts  of  the  Vtrtebnita,  In  the 
Ampliiliia  lioth  male  and  female  generative  ducts,  which  are  secondarily 
derived  from  the  urinary  ducts,  are  developo<l  in  each  individual, 
luc-t  (Jlulleiiau  duct)  in  the  male  atrophies,  and  is  only  repre- 
by  a  small  rudiment  (tig.  9(56,  My);  while,  on  the  contrary, 
^the  female,  the  vas  deferens  (WoUHan  duct)  Ls  rudimenturv,  or, 
Amj)hibia,  functions  as  the  efferent  duct  for  the  kidney  socre- 
(fig.  <J6a,  f^j). 

With  the  separation 
and  female  gene- 
rative organs  in 
diiTerent  indivi- 
duivls  the  most 
complete  form  of 
sexual  reproduc- 
tion, K)  far  as  con- 
cerns division  of 
labour,  is  reached ; 
but  at  the  same 
time  a  progi-es-sing 
dimorphism  of  the 
male   and    female 

IV'//  UPvylTr  individuals       be- 

f~^^<imy  come^     apparent. 

^^^^  This  is  due  to  the 

fact,  that   the  or- 
10.04. — 6«oent!ro*ppiun-  ■       <• 

toM  or  11  rh«i«)rj<-ri;e  Tur-      ganuiition    in    bi- 
bdUriiiii  iv..ru-»  viri<n»)      gexual  animals  is 
(■riv  M.  Scliiitlw).  T.ia- 
tit;  ra,  Tw  d«f orena ;  >'«,      moi-e     and     more 
•~^  '"""»=  '■•  P"^      influenced  by  the 
Ta.  THKinBi  U,  litems  j      deviating       func- 
^^.""l^ll^f '  **■  ™""^      t'ons  of  the  sexual 
organs,     and      with      the      increasing 
compUcjition  of  sexual  life  becomes   moditied   for   the  performance 
■ft' epecial  accessory  functions  connected  with  the  pix>duction  of  ova 
^b  spermatozoa. 

^Dn  the  first  place,  the  modification  of  the  generative  ducts  of  the 
^b  sexes  in  accordance  with  the  function  they  have  to  perform 
^termiues  the  development  of  secondary  sexual  characters  and  of 
gexual  dimorphism.     Other  organs  its  well  as  the  genemtive  appa- 


F10.95.— Genifrfitivoappa. 
ntut  of  lht<  merliciniU 
locch.  T,  testis ;  Vd,  v*M 
defereoa ;  A'A,  resiciila 
semliinlU;  f r,  prostiite ; 
C,  penis ;  Oi>,  ovitnfls 
with  vn^ina  aitd  female 
genemtive  opening. 
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ratus  proeent  difTerences  in  the  two  sexes,  being  modified  for  the 


,  fft- 


r^'/ 


Fio.  gOo.— Left  nrinarj  and  generatire  or-       Fio.  9M,  Left  nrinary  ami  gencratire  oigana 
gana  of  a  female  Salainaiiiler  without  the  afamalcSalamaudcr.morediaffminiiiatie. 

cloaca.    Ov,  ovaiy ;  A',  kidney  ;  kg,  arto-  T,  testis  ;  J>,  vana  efiercntia ;  If,  kidney 

aty  duct  corroiiwniling  to  the  Wolffian  with  it*  collecting  tubulea  ;    Itg,  Mftlle- 

duct ;  Mg,  Mailerian  duct  as  oridact.  rian  duct  as  a  rudiment  j    Wg,  WoUBan 

ductorvas  deferens;  £>, cloaca  with  ac- 
cessory glands  Dr,  of  the  left  side. 

performance  of  special  functions  in  the  sexual  life.     The  female  is 


nrxcTiojfs  of  male  and  fumale. 

be  pajBsive  agent  in  copulation,  merely  receiving  the  semen  of  the 
le ;    the   female    poesesses   material   from    which    the  utispring 


a.  7t».-  Ittie  of  Aphl*  plotanaldM,    oe,  ooelU ;  tir,  honey  lubos ;  P,  copnlatory  orgran. 


develop,    and    accordingly   tikes    care   of  the  development   of   the 


^Bbd  nc 


fextilLsed  egg  and  of  the  later 
the  female  usuiiUy  possesses  a 
active  body  and  uumerous 
agements  for  the  protection 
ttd  nourishment  of  her  offspiing, 
which  develop  either  from  eggs 
^^aid  by  the  mother  and  sometimeH 
^^krried  about  with  her,  or  in  the 
^^katemal  body  and  are  boni  alive. 
^^She  function  of  the  mule  is  to 
i«ek,  to  excite,  and  to  hold  the 
Je  during  copulation  ;  hence, 
rule,  he  possetises  greater 
gotir  and  power  of  movement, 
^her  development  of  the  senses, 
rious  miHias  of  exciting  sexual 
such  as  brighter  coloui'- 
,  louder  and  richer  voice,  pre- 


fate    of   the   oflspi-iiig.      Hence 


Pia.  97t,  ApUsroDs  ovlparuiu  femalo  uf  the 
same. 


silo  organs,  and  external  organs  for  copulation  (fig.  97,  n,  h). 
In  exceptional  cases,  the  functions  relating  to  the  maintenance  of 
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the  offspring  may  he  disclmr/zed  by  the  male,  e.rf.,  Alyt^s  and  tli 
Lopholininchia.  Male  birds  also  oft«n  shftre  with  the  female 
labour  of  building  the  nest,  of  bringing  up  and  protecting  the  you 
But  it  is  a  i-are  exception  to  find,  iva  in  Cottus  and  the  Stickle! 
(Gasterosteus),  that  the  cai-e  and  protection  of  the  young  f» 
exclusively  upon  the  mole,  that  he  only  bears  the  brood  pouch 
alone  builds  the  nest, — an  exception  which  bears  strong  witness 
the  fact  that  the  sexual  differences  both  in  form  and  function  wen 
first  acquired  by  adaptation. 

In  extreme  cases,  the  sexual  dimorphism  may  lead  to  so  great  »i 
difl'erence  in  the  sexes  that  without  a  knowledge  of  their  development 


Fig.  98.— Ohondraeantlina  glbbMiw,  nuksnlfied  »bnnt  8  timea.  a,  tomtit  fmm  the  ildo.  t, 
fonule  from  Iho  vcnUiU  surfaoo  with  the  male  (7)  attached,  r,  male  isnlaTotl,  uu<]or  Klraxig 
magDlflcation.  Ait',  aulerlor  antenna  ;  ^h",  claaping  anteDnir ;  F'  nutl  J-^,  tbo  two  p«irv 
of  feet  i  A,  eye ;  On,  egg  «ao« ;  Ot,  CBKipha^n"  •  ^i  Intestine ;  il,  mouth  parta  ;  r,  tanU  i 
Vdf  Taa  <lef  urens  ;  Sp,  eponoatophore. 

and  sejtual  relation.s,  the  one  sex  would  lie  placetl  in  a  different  faroilj 
and  genus  to  the  other.  Such  extremes  are  found  in  the  Rotife 
and  parasitic  Copepoda  (Chondracantlius,  Lema'opodii,  fig.  98, 
b,  c),  and  are  to  be  pxj)l;iined  as  the  result  of  a  parasitic  mode  of  life 
Tlie  difference  in  the  two  kinds  of  individiials  representing  noli 
maintaining  the  species,  whose  copulation  and  mutual  action 
known  long  before  it  was  possible  to  give  a  correct  account  of 
roiil  nature  of  reproduction,  has  led  t«  the  designation  "sexes,"  froa 
which  tho  term  aexual  has  been  taken  to  apply  to  the  organs  ixni 
mnni>er  of  reproduction. 
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In  reality  sexiial  reproduction  is  nothing  else  than  a  sp^ciid  form 
of  growth.  The  ova  iinJ  spermatoblasts  represent  the  two  forms 
of  germiuiil  cells  which  have  become  fi-ee,  and  which,  after  a  mutual 
interaction  in  the  process  of  fertilization,  develop  into  a  new 
organi.-m.  Nevertheless  under  oeitjiin  conditions  the  egg  can,  like 
the  simple  germ  cell,  undergo  spontaneous  development;  numerous 
iaKtiixices  of  this  mode  of  development,  which  is  known  as  jHtrUiero- 
geiK-nM,  ore  found  in  Insects.     The  necessity  of  fertilization  therefore 


Fte.  W.— Tirtparoiu  form  of  AphU  platuioi'lea.    Ot,  ocelli ;  Jlr,  boncy  talMa. 

longer  enters  into  our  conception  of  the  egg-cell,  and  no  absolute 
ysiologiciil  teat  is  left  to  enable  us  to  distinguish  it  from  the  germ- 
cell.  It  is  usual  to  regard  the  place  of  origin  in  the  sexual  organ 
d  in  the/e/drt/i?  liody  aa  a  feature  distinguishing  the  ovum  from  a 
cell,  but  even  with  this  morphological  test  we  do  not  in  each 
indi\ndual  case  arrive  at.  the  desired  result  {Bees,  Bark-lice,  Pgijchuhr). 
We  have  already  given  prominence  to  the  fact  that  ovaries  and 
testes,  in  the  simplest  cases,  consist  of  nothing  more  than  gn~>ups 
of  cells  of  the  epithelium  of  the  Imdy  cavity  or  of  the  outer  skiu. 
however,  do  not  nc<juire  the  character  of  .sexual  organs  until, 
n  higher  stage  of  ditiferonliation,  the  contrast  between  the  two 


^^cd  i 
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sexual  element's  lifts  mndc  its  Hppi\-irance.  When  tlie  mnle  elemenU, 
and  with  them  the  necessity  of  fertilization,  are  absent-,  and  when,  M 
the  some  time,  the  organ  which  produces  the  germ  cells  possesEes,  is 
its  full  development,  a  structure  similar  to  that  of  an  ovary,  it 
V>ecom(?8  very  difficult  to  distinguish  whether  we  have  to  do  with 
a  jiseudovary  (germ-gland),  and  with  an  animal  which  reproduces 
asexTiaily ;  or  with  an  ovary  and  a  true  female,  whose  eggs  posoa 
the  capacity  of  developing  spontaneously.  It  ii 
only  a  compaiison  with  the  sexual  form  of  the 
animal  which  makes  the  distinction  possible.  To 
take  the  case  of  the  Pliint-lice  or  Aphides ;  in 
these  animals  we  find  a  generation  of  \'i%nparous 
individuals,  easily  distinguishable  from  the  true 
o\nparous  females,  which  copulate  and  lay  f^g^- 
They  resemble  the  latter  in  the  fact  that  tliey 
are  provided  with  a  similar  reproductive  gland, 
constructed  upon  the  ovarian  type ;  but  they  differ 
from  them  in  this  important  I'X'culiui-ity,  that 
they  are  without  organs  for  copulation  and  ferti- 
lieation  (in  correspondence  with  the  absence  of 
the  male  animal)  (fig.  99).  The  reproductive  cells 
of  the  organs  known  lus  ]>»etidovariet  have  &u 
origin  precisely  similar  to  that  of  eggs  in  the  ova- 
ries, and  only  differ  from  ova  in  the  vei-y  early 
commencement  of  the  embrj'ouic  development. 
The  viviparous  individuals  wiU  therefore  be  more 
correctly  regai-ded  as  agamic  females  peculiarly 
modified  in  the  absence  of  organs  for  copulation 
and  fertilization ;  and  the  reproductive  cells  am 
by  no  taeans  to  l>e  relc-gat-ed  to  the  category  of 
germ-cells  (as  fomierly  was  done  by  Steenstrup). 
We  must  therefoi*  s{»eak  of  the*  repi-oductive  pro- 
cesses in  the  Aphides  as  being  sexual  and  partheno- 
genetic  and  not  sexual  and  asexual.  A  cvimparison 
of  the  mode  of  reproduction  of  the  Bnrk-lice  with 
that  of  the  Aphides,  especially  of  the  species  Pem- 
phigus terebinthi,  puts  the  correctness  of  this 
supposition  beyond  the  sphei-e  of  doubt. 
A  similar  condition  is  found  in  the  viviparous  larva  of  Cecidom\-ia. 
Here  the  rudiment  of  the  generative  ghuids  very  eiirly  a.s8ume8  a 
structure  resembling  that  of  the  ovary,  and  produces  a  numl)er  of 


I 
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Tia.  100.  —  Viriptv- 
rnoA  CM»Mlff«yw 
(MiuKir)  liirvik 
(Hfler  Al.  PHgen- 
■  tocbcr).  Tl, 
Dwitfliirr  lsrv«< 
developed  from  the 
rati  tmoDturj 
oviiry. 


DEVELOPMENT. 

I  reproductive  cells  wluch  resemble  ova  in  their  method  of  origin, 
j  and  at  ouce  develop  into  larvje.  The  pseudovary  is  t'leii-ly  derived 
from  the  rudiment  of  the  sexual  gland,  but  without  ever  reaching 
complete  development  (fig,  100).  The  ovary  acquires  to  a  certiiin 
Bnt  the  significjition  of  an  ornran  for  producing  germ-cells,  and 
not  improbable  that  many  products  (Jiedia,  Sporoci/nt) 
led  as  spores  or  germ-cells  correspond  to  embryonic  ovaries 
^hich  produce  ova  capable  of  spontaneous  development. 


i».  101-— Ovrnn  of  Nophe1ij(aru>rO.  HortwiB).  «,  the  ovum  half -an -hoar  afMr  dopoalUoD. 
i  projection  of  the  prottipluun  indtcatot  tho  commcucius  f  (imuitiun  uf  the  flnt  polar  body  ; 
ibc  tiucloar  ipiuille  la  ruiblD.  d.  The  same  an  hrair  liiur,  with  polar  body  oxlruded,  and 
miier  cntnuic«  uf  the  spermatoaoou,  Sk,  mate  pronucleus,  e,  The  same  another  hoor 
taier  wUhuat  egg  momhmao,  and  with  two  polar  bodies  and  male  pronueleu*  (Sk) ;  d,  the 
tamo  Au  boor  later  with  axiprosdmated  female  and  duUo  pronnclci ;  Si\  polar  bodioa. 


DEVELOPMENT. 

'  It  follows  from  the  facts  of  sexual  reproduction  that  the  simple 
11  must  be  regarded  as  the  starting-poiut  for  the  development  of 
organism.     The  contents  of  the  ovum  s[>onbaneuu>ly  or  under 
influence  of  fertilization  enter  upon  a  series  of  changes,  the  final 
Bult  of  which  is  the  rudiment  of  the  lx)dy  of  the  embryo.     Tliese 
gee  consist  essentially  in  a  process  of  cell  division  which  implicates 
the  whole  protoplasm  of  the  ovum,  and  is  known  as  tegiiientatioH. 
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For  a  long  time  the  behii\-iour  of  the  geiinliuil  vesicle  at  tliU 
(viminenoeuient  of  segmentation  and  its  relation  to  the  nuclei  of  th»' 
tirst  formed  segments  were  obscure,  and  the  knowledge  of  the  changes 
and  fate  of  the  spermatozoa  which  enter  the  ovum  in  the  process  of 
fertilization  was,  in  like  manner,  in  a  voxy  unsatisfactory  state.  Ut 
late  years,  numerous  investigaticnB,  especially  those  of  6Ut 
0.  Hertwig,  Fol,  etc.,  have  thrown  some  light  on  these  hither 
completely  obscure  processes.  It  was  supposed  that  in  a  ripe  oviu 
preparing  itself  for  segmentation  the  germinal  vesicle  disappeared, 


-Jn 
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Pio.  IflS,  a,  i.— Parts  of  the  omin  of  Astcriiu  glncialts  wlih  fpamattmrn.  ' 
Ibo  inaoilnfTiq'iiiA  o<*nl  (after  H.  Fol.)    o,  npiior  part  of  the  Oram  of  PeU' 
Calbcrlpi).    Jm,  micropyle;  Sj>,  Bpermatocou;  Jm,  patb  of  the  cpennatOBOi'i. 
pronnoleiu ;  £k,  msmlinuie  of  ovum ;  Shs,  promiueticei  of  the  aame. 

and  a  new  nucleus  was  formed  quite  independently  of  it ;  an<l  that  1 
[lersistenco  and  the  pai-ticipation  of  the  germinal  veeiicle  in  the  fo 
mation  of  the  nuclei  of  the  first  segmentation  spheres  were  exception 
(Siphonophora,  Entoconcha,  etc.)  Thorough  investigations  cuirii 
gui  on  the  eggs  of  numerous  nnimids  have,  however,  shown  that  I 
mniter  of  fact  the  germinni  vesicle  of  the  ripe  ovum  only 
Vicen  chaugeu  in  whicli  the  greater  part  of  it,  together  with  some  < 
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the  protoplasm  of  the  ovum,  is  thrown  out  of  the  egg  as  the  so-called 
tive  fjocllm  or  polar  culls  (fig.   101).     The  part  of  it,  however, 
ch  remaiixs  in  the  ovum  retains  it*  Rigniticiinue  as  a  nudeus,  and 
known  as  the  female  pronucleus.     This  fuses  with   the  single 
rmato7,oon  (nmle  pronucleus)  which  has,  forced  its  way  into  the 
(fig.  l'-'2);  and  the  compound  .sti-uctui-e  so  formed  constitutes 
nucleus  of  the  fertilized  ovum,  or  as  it  is  generally  called,  the 
)  segmentation  nucleus. 


»•• 


jfjuitm* 


-Dv^opmont  nf  n  SUr-QAb,  AAlcniciuithion  berylinn^  (aft«r  Ak-r.  1. 

nciujf  Btg mentation  of  llio  Aattenetl  e^'ff — ai  unu  ixile  are  focn  Itie  [" '  ,2. 

Maire  •rith  two  sotno^uUi ;  9,  irtlh  four ;  4,  niili  iHGpht ;  3.  with  Ibirt^-two  angiiiBiiUi ;  0. 
latair  Mitife:  7.  bliuUjsplioro  wiUi  commeuciu);  invuipuaiaon ;  B  ami  9,  more  advuiiced 
I  of  invmyiuatiou.    Th«  opening  of  the  gaatmlji  cavity  liooomfla  tiie  uiiu. 


Thi^  new  nucleus,  which  divides  to  give  rite  to  the  nuclei  of  the 

Bt  segmentation  gphert-.s,  would  appear  therefore  to  be  the  product 

the  fusion  or  conjugation  of   the  part  of  the  germinal  vesicle, 

^hich  remains  Ijehind  in  the  ovum,  with  the  male  pronucleus,  which 

a  derivative  of  the  spermatozoon  which  has  entered  the  ovum. 

fertilisation  would  appear,  therefore,   tu   d-eprnd  upon  the  addition 
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<^  a  new  elemeiU  hritujiny  about  ihe  rey^neraturn  of  Ui«  primary 
ntudeua  of  Vi*  ovum,  or  germinal  vesicle,  and  would  hnvo  impressed 
its  influence  on  the  ooostitutioa  of  the  eonjugHted  nucleus.  The 
regenerated  ovum  is  therefore  the  starting-point  of  the  isubseque 
generations  of  csells  which  build  up  the  embryonic  Ixxiy. 

Both  the  origin  of  the  pohir  Ixxlies  which  takes  place  in  the  ripe 
ovum  imUpcrulfittly  of  fertilization,  and  the  dirision  of  the  segmi! 
tation   nucleus  are  accompanied  by  the  appearuuce  of   the  nude 
spindle  and  star-shaped  fijfurea  at  the  poles  of  the  iipiudle  which  are 
BO  characteristic  of  the  division  of  nuclei.      The  nmlo   pronucleu 
before  it  fuses  with  the  female  pronucleus,  also  becomes  surrounde 
by  a  layer  of  clear  protoplasm,  around  which  a  star-shaped 
appears  (fig.    101).     In   tho.se  oi^es   in  which  segmentation   takeiT 
place  without  a  preceilent  feHiliz-ition  (jMrUieiwyimesiji),  the  femide 
pronucleu-s  appears  to  pos.se.sB  within  itself  the  properties  of  the  fir 
segmentation  nucleus. 

The  fertilization  is  followed  by  the  process  known  afi  segmentatio 
in   which  the  ovum  gradually  divides  into  a  greater  and  great 
number  of  smaller  cells.     Segmentation  may  be  toM,  i.e.,  the  who 
ovum  segments  (fig.  103),  or  it  may  he  parli-al,  in  which  case  only^ 
portion  segments  (fig.  105). 

Total  segmentation  may  be  regular  and  eijxal,  the  resulting  w;g- 
ments  being  of  liquid  size  (fig.  103) ;  or  it  may  sooner  or  later  bvoumt' 
ii-regular,  the  resulting  segments  being  of  two  kinds — the  one  smaller 
and  containing  a  prejwnderating  amount  of  protoplasm,  the  other 
larger  and  containing  more  fatty  matter.  In  these  cases  the  seg- 
mentation is  said  to  be  unequal.  The  proces-s  of  division  proceeds 
much  more  quickly  in  the  smaller  segments,  while  in  the  larger  and 
more  fatty  segments  it  is  much  slower,  and  may  eventually  come  to 
a  complete  standstill.  The  development  of  the  frog's  egg  will  serve 
as  an  example  of  unefjuiil  .segmentiition,  of  which  there  are  various 
degrees  (fig.  104).  In  this  egg  a  dark  pigmented  and  protoplaionic 
portion  ain  Ins  distinguishetl  from  a  lighter  jiortjon  tvintainiag 
much  fatty  matter  or  footl  yolk.  Tlie  former  is  always  turned 
uppermost  in  the  water,  and  is  therefore  called  tbe  upper  pole  of 
the  egg.  The  axis  which  connects  the  upper  pole  with  the  loMrtr 
is  known  a*  the  chief  axis.  The  planer  of  tlie  two  first  segmentAtion 
f  uri-ows  pass  thro\igh  the  chief  >ixis  and  are  at  right  angleti  to  «tch 
other.  They  divide  the  egg  into  four  equal  parts.  The  third 
furrow  (fig.  104,  4)  is  equatorial,  taking  place  in  a  horizontal  jilanf. 
and  cutting  the  chief  axis  at  right  angles.     It  lies,  however,  ntmn-r 
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the  upper  pole  than  the  lower,   and  marks  the  line  of  division 
between  the  upper  and  smaller  portion  of  the  egg  from  the  lower 


104.— Uiwiakl  wgouittMlaa  of  tha  Frog'i  d^k  (after  Bcker)  In  ten  aDOooadvs  (tagea. 

larger  portion,  in  which  the  segmentation  proceeds  much  more 
owly  thiin  in  the  former. 

In  part'uJ segmentation  we  find  a  sharply  marked  contrast  between 
the  formative  and 
itritive  parts  of  the 
inaMiiuch  us  the 
tter  does  not  seg- 
The  terms 
Hie  and  ine- 
lldastic  therefore 
kve  been  ajiplied  to 
1  and  partial  s<>g- 
atation  respeo- 
ly. 
Nevertheless,  in 
segmentation 
,  either  groups  of 
Hgments  of  a  definite 
ity,  or,  at  any 
a     fluid     yolk 

kterial  may  be  used  Fio.  lOS.    SogmentBtlon  or  the  fcermlnal  dUc  of  a  Fowl's  ogfr, 

t\to   nniii'i  ■Vinipi  f  mrfiwe  »iow  (uftor  KollikorX    A,  gunninnl  (Use  with  the 

me   noui  ibiimeno  ^^^  Torttcol  hirrow ;  fl.  the  aune  with  two  vortical  furrowa 

the      developing  rroaaini;  one  another  at  ri^ht  aaglea ;   C  aiid  O,  more  ad- 

.              1      .     ,    .}  TBnoed atagea  with  amull cvntral aagmenla. 

;  of  evei-y  egg  consists  of  two  parts — (1)  of  a  viscous  albu- 

plt-jtoplat-m :     nnd    (2)    of    a    fatty   gninular    matter,    the 

uiopltuin,  or  food  yolk.     The  first  is  dei-ived  from  tho  protoplasm 


us 


maUloUdtU, 

the  bum  tdm.»U  &r  (^etounal  disc) ;  baoet 

■•  fcMB  odM  4iMBUkl  (^^  of  At« 

•)  (fig.  lOS).    TW  food  yaik  hst.  iKmerfs^  hare  * 

In  1Mb  ontflrdfanda/  eggt  dkt  aBgmentotioo 


* •flwf  ■fiaiiiml*lM*n.' 


confined  to  tbe  periphery,  and  is  sometimes  equul  (PaI«'mon) 
MOuit.'timM  uncHjual  (fig.  106).     The  central  yolk  mass  mHy  at 
remuin   uutegmi'ntetl,   bat  later  it  may  undergo  a  kind   of 
Mgmetitatiou  nnd  breitk  up  into  a  number  of  cells  (fig.  106).     Ag 
in  other  lau^en  the  food  yolk,  at  tlie  commencement  of  segment 
luM  a  peripheral   potdtiun,   so  tluit  the  cleavage  process  is  at 
ronfini'il  lo  tin-  inner  parts  of  the  egg,  and  only  in  later  stnges, 
Itui  f(K>d    yolk  hiiR   gntdually  shifted   into   the   centre  of   the 
tippfun*  01  a  perijihenil  Liyer  on  the  surface.     This  is  found  (*f 
in  tli<<  C'ggK  of  8pidfi-K  (tig.  1(1").     Tlie  first  processes  of  K<gnient 
in    t)ii'PM.i  lit   tirsl   rcUilecitluil  ovii  nre  withdmwn  from  ob 
nine*  they  tuke  place  in  the  centre  of  an  egg  covei^ed  by  a  mper 
Inytir  of  food  yolk,  until  the  nuclei  with  their  protopUusinic  in* 
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^(■ch  the  periphery,  iind  the  fiitty  and  often  darkly-granular 

Ijmlk  comes  to  constitute  the  central  mass  of  the  egg  (Insects). 

I  wioas  ae  the  formi;  of  segmentation  are  the  methods  by  which 

are  applied  to  the  building  up  o£  the  embryo.     Fre- 

f  ia  ouee  of  equal  segmentation  the  segments  arrange  them- 

in  the   form  of    a  one-layered   vesicle,  the  bltutoKji/iere,  the 

I  avity  of  which  nut  rarely  contains  fluid  elements  of  the  food 

k;  or  Uiey  are  at  oncje  divided  into  two  layers  around  a  central 

f  emtaimng  fluid  -,  or  they  form  a  solid  mass  of  celU  without 


#;  ifUa. 


.'TiiantKli»n  ofk  spidar**  aKKfTliaoilromna  lUnlmtnt)  *{t«r  Bab. 
leatoplumio  nxnta-Uka  nuUM*  (ni^nimiBlInn  >|ih(!rc*)i  B, 
U  thiir  eeiiti»U7  plM«d  nncleaUd  protoijUum  irlthout  egg 
-r«M  Tintnticrof  ro*Mt»411ce  ttmhm  :  I),  tta«  rowlttf-llkc  mniw 
vliM'Qiic  mlamua,  emch  uf  which  ha«  a  cell  of  the  blii»> 
:iU  to  11 ;  S,  MtJige  with  bhuitoderni  cnrnplot**!;.'  fonned  ; 
;..^'.»,^..  .....  -iiiaa.    Xbo  yulk  oolojaxta  (arm  withla  the  btjut>>iann  A 

lo  Um  oeninil  apaoe. 


■y  aentrkl  cavity.  In  numerous  cases,  especially  when  the  food 
«Uc  is  rehttivrly  nbundant  (unequal  and  partial  segmentation)  or  the 
ood  wpply  continuous,  the  embryonic  development  is  longer  and 
r*  «a(Dplioftti.*d.  The  embryonic  rudiment  in  such  ca«es  has  at 
mt  the  form  of  a  dixc  uf  cells  Iving  on  the  yoLk ;  it  soon  divides  into 
iro  Ujen,  Mid  then  gi-.iws  round  the  yolk. 


11-t      OkOinZATKIX    ASD   DITELOntZST  Or  AXIMAU   IS   OEX^UL. 

Tlie  two-Uyercd  gMtiiiU  is,  as  »  role,  derdaped  foom  the  bbat»- 
^bcre  bjr  invagiiMtion  (^nboiic  iiiv«giiMtioB).  In  this  proeass  the  OM 
Iwlf  (aometimei  distinguished  bj  the  ki^ger  abe  uid  bore  gnknahr 
BAtore  of  its  eeOs)  of  the  aU  wmll  of  the  fakctoophere  is  pushxd 
in  npon  the  otha*  hklf  (6g.   108),  and  <n  the  narrowing  uf  lb* 


Pie.  108.— .i,Bl>Ma«pterearAni[dunxu»:X,  isTaginationorthcmma;  r,  ffutrmlk.  IstmI- 
nation  eonplaMd ;  O,  blwtupon  latter  B,  HaMchek). 

u]>erturc  of  invBginntion  {blastopore,  mouth  of  gAstruIa)  becomes 
enJodermal  layer  (h>ipohla»l)  lining  the  gjLstniln  cavity.     Tht>  onu 
luyer  of  cells  constitutes  the  ectoderm  or  epihiatt.     This  mode 
fornjation  of  the  gae>trula,  which  is  very  common,  is  found,  t.g., 
A>oidianis  and  amongst  the  Yertebi-ata  in  Amphioxus  (fig.  10d)<] 

More  rarely  the  giistrubi  ari^*a  by  tlrJamimttum.     This  proeHi' 
comsiatjj  of   a  concentric  splitting  of   the  cells  of  the  blAstospli 
into  an  outer  layer  (epibUst),  and  on  inner  (hypoblast)  (6g.  IC 


^^0. 


Km.  I«U  — Tnuareno  MCllonii  tbrrmch  three  lUsM  in  the  wsmmtniinn  nf  GfirtoniA  (i 
H.  Kill.)  A,  >M«e  with  ttiinj-two  ntiriicuu,  each  •ogmant  u  •lindod  iuiu  an  «m 
fliisly  irrnnulur  prot4iiili»im  (octniiUuni)  iind  no  inner  clearer  layer  (enduiilaan)  ;  M, 
ela^i  f-,  oniho'n niter  iltiltuuinuUnTi;  with  eet/>lenn  alighllj  separated  fruio  the  t 
irtalcb  la  oumpuMiil  o(  Uugo  oeUefurraiuidliin  liie  wiTDentalian  oarit]r> 


The  ot'ntnil  cavity  of  the  gnstnilii  in  this  case  is  derived  from 
originnl    Kcjrnientution    ca%-ity,   and    the    iL'uatrulu    mouth    is    oi 
MHX)ndarily  formed   by  perforation.     Tliia  method   of  development 


m  t^H 

on^H 
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of  the  ga-strula   has  hitherto  only  been  observed  in  some  hydroid 
MeduB«  (Geryonia). 

Finally,  when  the  iiiwjuality  of  the  segmentation  is  very  pi-o- 
nounced,  the  gnstrula  is  formed  by  a  process  known  as  epibole.  In 
this  process  of  development  the  epiblast  cells,  which  are  early  distin- 
gniiiluible  from  the  much  larger  hypoblast  cells,  spread  themselves 
over  the  latter  as  a  thin  layer  (fig.  110);  and  in  this,  as  in  the 
ond  method  of  development  of  the  gastrula,  the  cavity  of  the 
truls  is  as  a  rule,  a  secorwdary  formation  in  the  centre  of  the 
ely-jMitked  mass  of  hj-poblaat  cells.  Tlie  blastopore  is  usually 
fooud  at  the  point  where  the  complete  enclosure  of  the  hypoblast 
■i  effected. 

It  sometimes  happens  that  a  part  of  the  primary  blastosphere  is 
evelo])ed  more  rapidly  than  the   remainder,  and  gives  rise  to  a 


y 


?1I0. — A,  TTneqaal  •egmantnljoa  of  tba  cfCf!  of  BoneUia ;  B,  cpibolio  gaatrnls  of  tba 
■ame  (nfler  Bpoogcl). 

lly-symmetricfd  stripe-like  thickening  placed  on  the  dorsal  or 
eninil  surface  of  the  embr\'o.  Frequently,  however,  such  a  germinal 
•  primitive  Hrenk  is  not  developed,  and  the  rudiment  of  the  emliryo 
bntinues  to  develop  uniformly.  Formerly  great  importiince  was 
ched  to  these  dirt'erences,  the  one  being  distiuguiRhed  as  an 
ivlio  ex  urui  fmrte,  and  the  other  an  evolutio  ex  omnibus  partibiis. 
is  not,  however,  possible  to  draw  a  sharp  line  between  these  two 
sethotls  of  development,  nor  have  they  the  significance  which  waa 
Brmerly  ascribed  to  them,  for  closely  allied  forms  may  present  great 
ifferences  in  this  i-espect  according  to  the  amount  of  food  yolk  and 
tie  duration  of  the  embryonic  development. 

The  Ccelenterata,  the  Echinoderms,  the  lower  Worms  and  Mol- 
Annelids,  and  even  Arthropod.s  and  Vertebrates  (Amphioxua) 
It  us  with  examples  of  reguLir  development  of  ail  parts  of  the 
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body  of  the  einbiyo  which,  if  the  yolk  membrane  fuUa,  hits  no  ti«<id 
of  a  Bpecio]  protective  envelope.  In  this  latter  group,  however,  lL« 
foruution  of  the  germinal  strtalc,  which  in  in  close  relation  wilb 
the  formation  of  the  ner\'ous  system,  is  accomplished  later,  during 
the  post-embryonic  development,  when  the  lai-va  is  free-swimming 
and  can  procure  its  own  food.  In  like  manner  many  Folyriui.'Ui 
and  Arthropods  (Branchipus)  only  acquire  a  germinal  straalc  a 
the  course  of  theii-  later  growth  as  larvre. 

In  all  cases  in  which  the  embryonic  development  begins  by  tbe 
formation  of  a  germinal  stre^ik,  the  embryo  only  becomes  definitdj 
limited  after  the  yolk  has  bcK'u  gradually  Burrounded,  as  a  remit 
of  proue.s8es  which  are  connected  with  the  complete  entry  of  thl 
yolk  into  the  b<«ly  cavity  (Frogs,  Insectf),  or  with  the  origin  of  » 
yolk  sac  from  which  the  yolk  pasBes  gradually  into  the  body  of  the 
embryo  (Birds,  Mammals).  The  progressive  organization  of  tliit 
latter,  up  to  its  e>(it  from  the  egg  niembranes,  presents  in  each 
Lgroiip  such  extraoi-dinaj-y  variations  that  it  is  not  p>ssible  to  give 
a  general  account  of  them. 

Of  primary  importance  is  the  fact  that  in  the  rudiment  of  the 
germ  two  cell  layers  first  make  their  appeamuce — one  the  ectodenn, 
which  gives  rise  to  the  outer  integument;  and  the  other  the  endoderm, 
from  which  arises  the  lining  membrane  of  the  digestive  cavity  and 
of  the  glands  opening  into  it.  Between  these  two  layers  there  if 
formed,  either  from  the  outer  or  the  inner  layer,  or  from  both  Inyons 
an  intermediate  layer,  known  as  the  mesoderm.  From  the  mesodero 
ari>-e  the  muscular  system  and  the  connective  tissues,  the  corpuicles 
of  the  h'mjih  and  blood,  and  the  viiscular  system.  The  body  cavity 
may  either  be  derived  from  the  jiei-sisting  segmenUition  cavity,  i.«., 
the  primitive  space  iK-^tween  the  ectoderm  and  eudo<lerm  (primary 
body  cavity),  or  it  may  be  developed  secondarily  as  a  split  in  the 
mesodeiTD  (cHulom),  or  as  outgrowths  from  the  rudiment  of  the 
uliment-aiy  can.'d  (arclieutei'on),  in  which  case  it  is  known  as  an 
enterocielo  body  caivity. 

The  nervous  system  and  organs  of  sense  are  probably  in  all  oases 
derived  from  the  ectoderm,  very  frequently  as  pit-  or  groov»>Iik* 
invaginations  which  are  subsequently  constricted  ofl".  On  the  other 
Iiund,  the  urinary  and  generative  organs  arise  both  from  the  outer 
and  inner  layers  as  well  as  from  the  middle  layer,  which  is  itwlf 
dtrive<l  from  one  of  the  primary  layers  or  from  the  walls  of  the 
primary  single  kyered  blastosphere. 

Accordingly,  as  a  rule  the  rudiments  of  the  slun  and  glandular 
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lining  of  the  alimeotary  canal  are  the  first  dilferentintionB  in  the 
embi-yo ;  onJ  many  embryos,  the  so-called  Planuiju  aud  Ciiustnilae,  on 
leaving  the  egg,  have  only  these  two  liiyera  and  au  intt-mal  CAvity, 
the  archenteron.  Then  follow»  the  development  of  the  nen-ous 
and  mutcular  systems, — the  latter  taking  plnce  sometimes  eontem- 
poFaaeoDuly  with  or  after  the  first  appesmince  of  the  skeleton, — 
especially  in  cn^^es  in  which  a  germinal  streak  is  develope<l.  The 
urinary  organs  and  various  accessory  glands,  the  blood-vessels  and 
spiratory  organs  do  not  appear  till  later. 

The  degree  of  difference  between  the  offspring  on  attaining  the 
free  condition  (i.e.,  at  birth  or  hatching)  and  the  sezunlly  mature 
lult..>  both  as  regards  form  and  size  as  well  as  organization,  varies 
jnsddembly  throughout  the  animal  kingdom. 

It  is  a  very  striking  fact  that  an  embryo  provided  with  a  central 
kvity  and  a  body  wall  composed  of  only  two  layers  of  cells  appears 
in  different  groujis  of  aniinaLi  as  a  freely  movejible  lai-va  cjipable  of 
leading  an  independent  life.  Having  recognized  this  fnct,  it  was 
not  a  great  step,  especially  as  Huxley*  some  time  ago  had  compared 
the  two  membmnes  of  the  body  wall  of  the  Medusae  (willed  later 
by  Allman  ecUxlerm  and  eiidoilerm)  with  the  outer  aud  inner 
I  of  the  vertebrate  blastoderm  (epibhust  and  hypoblast),  to  oi-rive 
conclusion  that  there  was  a  similar  phylogenetic  ongiti  for  the 
lilar  larvsB  of  very  different  animal  tyj>es,  and  to  trace  back  the 
of  organs  functionally  re-sembling  each  other  to  the  same 
primitive  structure. 

It  was  A.  Kowalewski+  who,  by  the  results  of  his  numerous 
n?>eiircliei8  on  the  development  of  the  lower  animals,  fii-st  gave  this 
conception  the  groumlwork  of  fact.  He  not  only  prove<l  the  occui- 
rence  of  a  two-Liyered  larva  in  the  development  of  the  Cttlenterate, 
Echinotlerms,  Worms,  Ascidiaus,  and  in  Amphioxus  amongst  Vert€- 
brfttes  bat  also  on  the  ground  of  the  great  agreement  in  the  later 
devclnpmentiil  stages  of  the  larvse  of  Ascidiana  and  Amphioxus 
and  in  the  mode  of  origin  of  etjuivaleut  organs  in  the  embryos 
of  Worms,  Insects,  and  Vertebrata,  protested  against  the  hitherto 
universally  received  view  implied  in  Cuvier's  conception  of  tyi>es, 
that  the  organs  of  diffei'ent  types  could  not  be  homologous  with  one 
another. 

•  Thom.i8  Haxlcy. "  On  the  Anntnray  ami  Affioitio  of  the  family  of  MeduatB." 
PhiIoi<<»iihii5alTranwu;lion«,     London,  1849. 

f  Cf.  A.  Kowalcwski's  vnrious  pajwrB  in  the  "  Mf^tnoires  de  I'Acad.  de  Peters- 
boarg,"  on  Cteuopbura,  Fhoroais,  Hulotharians,  Ascidians,  and  Am|jhii.ixus,  1866 
Aud  I»67. 
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Inasmuch  as  Kownlewsld,*  from  the  r^ults  of  his  embrynlr- 
work,  drew  the  conclvision  that  tlie  nervous  layer  and  eml)rj'oui> 
of  Insects  and  Vertebrates  are  homologous,  and  that  the  germinal 
layers  of  Araphioxus  and  Vertebrates  correnpoud  ynth  those  oJ 
Molluscs  (Tunicatii)  or  woinus,  he  waa  in  ngreenieut  with  the  Ion; 
recognised  fact  tliat  anatomic^il  transitional  forms  and  intcrmediat* 
linkn  l>elweeu  the  different  groups  or  types  of  animals  exist,  and 
t  hese  latter  do  not  represent  absolutely  isolated  planes  of  orgaoixal 
but  the  highest  divisions  in  the  system,  and  he  only  gave  in  reaJity 
an  embryological  expression  to  the  claims  of  the  descent  theory, 
fact,  the  conclusion  which  Kowalewaki  reached  wa«  oompI( 
correct — viz.,  that  the  homol(igie«  of  the  genninol  layers  in 
different  types  iiffurd  a  M-ientiliu  basis  for  cotni>arntive  anatomy  and 
embryology,  and  must  be  recognised  as  the  starting-point  for 
j)roj)er  understanding  of  the  relation.-ihij«  of  the  types.  For  tl 
jK)bition  we  tind  luuoiigst  the  ver(ebratii  proofs  at  every  step. 

But  while  his  own  comprehensive  embryological  experiences  inspi 
Kowalewski,  tlie  founder  of  the  theory  of  the  germinal  layers,  with 
prudent  reserve,  other  investigators,  inclined  to  Iwld  generalixttion, 
appeoi-ed  at  once  with  ready  theories,  in  which  the  results  of  embi 
logical  investigations  were  interpreted  in  accordance  with  the  thi 
of  descent.  Among  these  E.  Haeckel's  gsistiiea  theory  is  es; 
prominent,  which  raises  no  less  a  claim  "  than  to  subt-titute,  in  flie 
place  of  the  classiticiition  hitherto  received,  a  new  system  Imsed  on 
phylogeny,  of  which  the  main  principle  is  liomology  of  the  germinsl 
layers  and  of  the  archenteron,  and  secondarily  on  the  differentiation 
of  the  axes  (biLiteral  and  radial  symmetry)  and  of  the  eojloi 
£.  Haeckel  t  designated  the  lar\-al  form  used  as  the  point  of  d 
ture  the  Gantrula,  and  lielieved  to  have  found  in  it  the  repetitj' 
in  embryonic  development  of  a  common  primitive  form,  to  which 
origin  of  all  Metazoa  may  be  traced  back.  To  this  hypothetical 
])rototji>c,  which  is  sujiposed  to  have  lived  in  very  early  times  during 
the  Laurentian  jieriod,  he  gave  the  mime  of  Oastraia,  and  called  the 
ancient  group,  supposed  to  be  widely  scattered  and  to  consist  of 
many  families  and  genera,  by  the  name  G(Utrirad/r..  From  this  si 
{Kisition  was  deduced  the  complete  homologj-  of  the  outer  and  in 
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•  A.  Kownlewftki,  "  Emhryologischc  Stndien  an  WUrmem  nnd  Artbrop 
Pctcnilmrg,  Is'l,  p.  n,«-00. 

•f  E.  llnMkel,  "(lasirayiiheorie,"  Jva.  nnl.  Zeitachrift,  1874."  For  critic 
■oc  C,  ClaiiB,  "  Die  Typcnlelue  and  Hoeckcl's  aogenannte  OiutnoatheorJ 
Vienna,  JS7«. 
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germinal  layers  thronghout  the  whole  Metazoa  ;  the  one  being  traced 

b.ick  to  the  ectoderm  and  the  other  to  the  endoderm  of  the  hypothe- 

»1  GaMnea  ;  while  for  the  middle  layer,  which  in  «nly  (secondarily 

?veIoped  from  one  or  both  of  the  primary  layers,  only  an  incomplete 

amology  was  claimed.     It  cannot,  however,  be  said  that  this  theory, 

rhieh  is  essentially  nn  extension  of  the  Baei'-Reinak  theory  of  the 

erminal  layers  from  the  Vertebrata  to  the  whole  group  of  Metazoa, 

rith  it«  pretentious  and  ha«ty  speculation  has  a-eated  a  basis  for 

ampamtivt.'  embi'yology ;   such  a  Ixisis  can  only  be  obtained  as  the 

it  of  comprehensive  investigntioutf. 


DIRECT  DEVELOPMENT  A?(D   META.MOBPIIOSIS. 

Tbe  more  complete  the  agreement  between  the  just  Iwrn  young  and 
be  aflult  sexuid  animal,  so  much  the  gi-eater,  espwiiilly  in  the  higher 

jals,  will  be  the  du-  a  b  e 

Hion  of  the  embryonic 
relojiment  and  the 
|I0T«  complicated  the 
BveJopmental  pi-oce^ises 
the  embryo.  The 
embryonic  develop- 
aeut  will,  in  this  case, 
be  confined  to  simple 
processes  of  growth  and 
fection  of  the  sexual 
rgiuiB.  When,  how- 
er.  embryonic  life  Iim-;. 
slativt<ly  to  the  heiglit 
tbe  organization!  a 
lick  and  simple  course ; 
lien,  in  other  words, 
be  embryo  is  bom  in 
immature  condition 
id  at  a  rehitively  low 
of  organization, 
post -embryonic  development  will  be  more  coinplicuted,  and 
lie  young  anunal,  in  addition  to  its  increase  in  size,  will  present 
ious  processes  of  transformation  and  change  of  form.  la  sufli 
the  just  hatched  young,  ns  o^jposed  to  the  aduU  aniinat,  is 
a  Larva,  and  develops  gradually  to  the  form  of  the  adult 


Flo.  111.— Ljimil  atsgcia  of  the  Frojj  (nftcr  Ecker).  n, 
emlio-u  »ome  time  bcfort-  biiUiUiiiK,  with  wHrt-lUee  (fill 
pHpillw  on  tho  vUconU  arclio!!.  i,  Lhtvii  mme  time 
nftpr  haicliin>;,  Willi  oxiorual  bruncbiai.  c.  Older  Isn'a, 
with  lioniy  beak  anil  small  branrhinl  cicfu  IWQeath 
tbe  iutcfnixnonuiy  operoulnni,  wiib  mun'nal  branchbe; 
JV,  niual  pit  i  S,  Backer  :  X,  braucliiii' ;  A,  o.re ;  He, 
bomy  tectb. 
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sexual  animal.  The  development  of  larvip,  however,  is  by  no  meu« 
direct  and  unifoiin,  but  is  w)Uiplic«t«d  by  tlie  necessity  for  epeeiil 
contrivances  to  eu;ible  them  to  procure  food  and  to  protect  them- 
t«lves ;  some-time^  taking  place  in  an  entirely  different  medium, 
under  ditTerent  conditions  of  life.  This  kind  of  post-embryonic 
development  is  known  as  nietamorphosig. 

Well-known  examples  of  metamorphosis  are  afforded  by  the  deve- 
lopmental histories  of  the  Insecta  and  Amphibia.  From  the  eggt 
of  Frogs  and  Toads  pi-oceed  larvje  pro\'ided  with  tails,  but  without 
limbs,  the  so-called  Tadfjoles  (fig  111).  These,  with  their  lat-crally 
compressed  t4dl8  and  their  gills  remind  one  of  fishes,  and  they  po«se« 
organs  of  attiU-hment  in  the  form  of  two  fanall  cei-vical  suckers  by 
which  thfy  can  anchor  themselves  to  plants.  The  mouth  is  provided 
with  homy  plntec^ ;  the  spirally  coiled  intestine  is  surprisingly  long; 
the  hctvrt  is  simple;  and  the  vascnlar  arches  have  the  piscine  relations. 
Later,  an  develojimeiit  pro<'«eds,  the  ext^nml  branchial  aboi-t,  and  are 
replaced  by  new  bninchia;  covered  by  folds  of  the  iut«>gument,  th« 
caudal  fin  is  enliu'ged,  and  the  fore  and  hind  limbs  sprout  out ;  thf 
fore  limbs  remain  for  some  time  covered  liy  the  integument,  and  only 
subsequently  break  through  it  to  apjiear  on  the  surface.  Meanwhile 
the  lungs  have  developed  as  appendages  of  the  anterior  part  of  the 
alimentary  oinid,  and  supplant  the  gills  as  respiratory  organs,  s 
dduble  eireulution  is  developed,  and  the  homy  betik  is  cast  off. 
Finally  the  tail  gradually  shrinks  and  atrophies  ;  on  the  oompleiion 
of  which  the  metamorphosis  of  the  a<juatie  tadpole  into  the  frog  or 
toad  suited  for  life  on  land  Ls  accomplished  (fig.  112). 

We  have  then  to  consider  two  kinds  of  development,  viz.,  develop- 
ment with  a  metamorphosis  and  dii-ect  development,  which  in  extreme 
cases  are  distinctly  oppo.-^d  to  each  other,  hut  are  connected  by  intei"- 
medLite  met  hods.  The  size  of  the  egg,  or,  in  other  words,  the  amount 
of  food  yolk  available  for  the  use  of  the  embryo  in  proportion  to  tlie 
sixe  of  the  adult  animal  apjiears  to  be  a  factor  of  primary  imfxirtance 
in  any  explanation  of  these  two  distinct  processes  (R.  Lenckart). 
AnimiJs  with  a  direct  development  require — genei-ally  in  pro- 
pcirtion  to  the  height  of  their  organization  and  the  size  of  their 
bodies — that  their  eggs  should  be  provide*!  w-ith  a  rich  endowment 
of  food  yolk,  or  that  the  developing  embryo  should  possess  a  special 
acces-sory  source  of  nutriment ;  they  arise  therefore  either  from 
roltttively  large  eggs  (Birds),  'or  they  are  developed  inside,  and  in 
clase  connection  with  the  maternal  body,  Hy  which  arrangement 
tliijy  Imve  a  continual  supply  of  food  material  (Mammals).     Animftln^ 


,     diti< 


EELATION  OF   METAMOBPH08I8  TO   rEHTILITY. 

on  the  contrary,  which  pass  through  a  metamorphosis  always  arise 
from  eggs  of  relatively  smull  size,  are  hatched  in  an  immature  con- 
dition as  lame,  and  obtaiu  independently,  by  their  own  nctivity,  the 
terials  which  have  been  withheld  from  them  while  in  the  egg, 
t  which  are  necassary  for  their  full  development.  The  number 
of  embrj'os  produced  in  the  case  of  a  direct  development  is,  in 
proportion  to  the  total  weight  of  the  material  a[)plied  by  the  mother 

ior  reprtjductive  purposes,  far  smaller  than  in  the  case  of  a  develop- 
»ent  with  metamorphosis.     The  fertility  of  animals  whose  young 


V.  111.— liOw  ttmiK*  to  tli«  dOTelopraont  of  Pelnhat«a  fiuciu.  a,  Xtm,  without  llmba 
I  vifth  wcU  dovolopcl  lAtl ;  fi,  oldor  larvii  witb  bind  Uiiit>fl  ;  i^,  Inrva  wiib  two  pairs  of  Uuibs ; 
I  rf,  jonng  frog  wttb  candal  stauip  ;  r,  young  frog  tLft«r  complete  atrophy  of  tall. 

imdergo  a  metamorphosis,  or,  in  other  words,  the  number  of  offspring 
lucod  from  n  given  mass  of  formative  mat«rial,  is  increotied  to 
extnionliniiry  degi'ee,  and  has,   in   tlie  complicuted  relations  of 
rgimic  life,  a  great  physiological  signilieance,  though  systematically 
is  of  little  importance. 

Some  time  ago  it  was  attempted  to  explain  these  indirect  meta- 

ior|>boRes,  in  which  Ijoth  proceswes  of  reduction  and  new  development 

place,  as  the  result  of  the  neces.sity  which  the  simply  organized 
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laa-va,  Imtched  iit  aii  eiirly  stage  of  development,  laboured  under  of  I 

acc{uiring  speciul  lu-raiigements  for  its  protection  and   nourishmMiM 

(R.   Leuckiu-t).    The  proof  tltat  such   reLitions  do  exist   betweea 

the  special  larval  organs  and  the  peculiar  methods  of  nutrition  kdH 

protection  is  an  important  factor  for  the  full  understanding  of  tLae 

remarkable  processefi,  but  still  is  by  no  means  an  explanation  of  tiiem. 

It  is  only   by  aid  of    the  Darwinian    principles  and  the  theory  d 

descent   that  we  can  get  nearer  to  an  explanation.     According  to 

this  theory,  the  form  and  structure  of  larva;  are  to  be  confddered  am 

relation  to  the  development  of  the  race,  i.e.  phylogeny,  and  are  to  bfl 

derived  from   the   various   plmses   of  structm-e  through   which  ihm 

latter  has  passe<l  in  its  evolution,  and  in  such  a  way  that  the  yoimgtn 

larval  stages  would  con-espond  to  the  primitive,  and  the  older,  on 

the  other  hand,   to  the  more  advanced  and  more  highly  organizeU 

animals,  which  have  appeared  later  in  the  history  of  the  race.     IflJ 

this  sense  the  developmental  processes  of  the  individual  constitute  fl 

more  or  less  complete  recapitulation  of  the  develnpnient4il  history  «fl 

the  species,   complicated,  however,  by  secondary  variations  due  tfl 

adaptation,  which  have  been  ncquii-ed  in  the  struggle  for  existeDCcQ 

(Fritz  Midler's  fundamental  principle,  called  by  Kaeckel  the  fandal 

mental  law  of  biogenesis).  I 

The  greater  the  number  of  stages,  therefore,  through  which  tbM 

Lirva  pisses,  the  more  completely  is  the  ancestral  history  of   thfl 

species  preserved  in  the  developmental  history  of  the  individual  I 

and  it  is  the  more  truly    piieserved  the  fewer  the  peculiarities  al 

the  larva,  whether  independently  a«juired,   or  shiftetl    back    fmtl 

the  later  to  the  eoi-lier  periods  of  life  (Copepoda.)     On  the  otliafl 

hand,  there    are  certain   larval   forms  without    any  phylogenetiJ 

meaning    whidi  are    to  be  explained  as   having   been    secondarid 

acquireil  by  adaptation  (many  Insect  larvm).  ■ 

The    historical   i-ecoi-il     preserved    in    the   developmental    histoiji 

liecomes,  however,  gra«lually  defaced  by  simplification  and  ^horteninfl 

of  the  free  development ;  for  the  sticcessive  pltuses  of  developmeoB 

are   gradually  more   and    more  sliifted    back  in   the  life  of  iim 

embryo,  and  nui  iheir  course  nuut>  rapidly  and  in  an  abbrcTiatofl 

form,  under  the  protwtiou  of  the  egg  membnuiee,  and  at  the  com 

of  a  rich  supply  of  nutrient  mHterial  (yolk,  albumen,  placenta).    la 

animals  with  a  diixvt  development,  thisrefore,  the  compiii  -1 

lopm«nt  within  tho  egg  niembnuie*  is  a  oompraased  and  -    i  J 

•  Kriu  MtUler.  '•  FDr  IHanrin,"  Uij^  1BC3.  p  ^H 
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and  hence  the   direct  development,  as  opposed  to 
!  metamorphosLs,  is  a  eeoondary  form  of  development. 


4UKHXATI0N    OF   OESERATIOSS,    POLYMOBPniSM    AND    nETEROGAMY. 

Both  in  direct  development  and  indii-ect  development  by  means 
ot  k  metamorphosis,  the  suocessi\-e  stages  take  place  in  the  life- 
Urtoy  of  the  same  individual.  There  are,  hotvever,  iustanceei  of 
fr»  development,  in  which  the  individual  only  pusses  thi'ough  a 
pMt  of  the  developmental  changes,  while  the  offspring  pro<iuced  by 
\X  tcwmplishes  the  remaining  part.  In  this  case  the  life-hLstory 
of  the  «[iecies  w  represented  by  two  or  more  generations  of  indivi- 
dittli.  which  poHstws  different  forms  and  organization,  exist  under 
fifewit  conditions  of  life,  and  reproduce  in  different  ways. 

Such  a  mjuiner  of  development  is  known  iis  alternation  of  genera- 

lOM  (metagenesis),  and  consists  of  the   regular  alternation    of   a 

■mally  differentiated   gejieration   with   one   or   nioi-e   generations 

njwdudng  asexuiilly.     This   phenomenon  was  fij-st  discovered  by 

tl»  poet  Chamisso*  in  the  Salpithc  ;  but  the  observation  remained 

fnr  more  than  twenty  yeara    unnoticed.      It  was  rediscovered   by 

J-  SteeMtnip.  t  and  discussed  in  the  reproduction  of  a  series  of  animals 

I  Trematodu)  as  a  law  of  development.     The  essence  of  the 

dsts  in  this,  tJjat  the  sexual  animiil.s  produce  offspring, 

»liich  through  their  whole  life  remain  ditTerent  from  their  parents, 

Wt  an  give  rise  by  an  asexual  process  of  reproduction  to  a  gcne:'- 

**^  of  animals  which  resemble  in  their  organization   and  habits 

of  life  the  sexual  fonn,  or  again  produce  themselves  asexually,  their 

"'liTring  assuming  the    characters  of    the    original  sexuiil  animal. 

Solhiitin  the  last  case  tlie  life  of  the  species  in  comjiosed  of  three 

I  different  generations    proceeding    from   one   another,   viz.,   sexiial 

jfonn,  first  asexual  form,  and  second  asexual  form.     Tlie  development 

lof  the  two,  three,  or  more  generations  may  he  dii'ect,    or  may  tjike 

by  u  more  or  less   complicated  metamorphosis;  similarly  the 

1  «nd  the  sexual  generations  sometimes  ditVer  but  little  from 

pother  {e.tf.   Sulpa),  and  sometimes  present  relations  analogous 

Ithich  exist  between  a  larva  and    the  adult  animal    {e.g. 

'  JLdnOtat  de  Chamisso,     "  De    animnlibas  qnibiisdam   c  olnase  Termium 
iutiieaan  in  circumnnviKaiione  tcrnc  auspicintc  comitc  N.  Roinntizolf  ducc 
■  de  Kciucbae  annU  1815,  Ittlti,  1817,  1818  pcrnctn."     Fasc.  I.  Dc  salpa 
r.]im  1819. 

Jnh.  J»ii.  Sra.  Steenstnip,  "  Celjer  den  Oenerationswechscl,  etc,"  Ubcrsetzt 
I  C,  H.  Lorcutcn.     Kopcuba^cti,  1$42. 
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MecluRip).  Accordingly  we  have  to  distinguish  different  forms  at 
alternations  of  generations,  which  have  genetically  a  different  origin 
and  explanation. 

The  latter  form  of  alternations  of  generations  resembles  metnmi 
]>husi8 ;  and  we  have  in  most  cases  to  explain  it  as  having  arisen 
in  the  following  way : — The  asexual  form  corresponds  to  a  lower 
stage  in  the  phylogenetic  history,  from  which  it  has  inherited  the 
capacity  of  asexmil  rcpix)duction,  while  the  sexual  reproiluction  belongs 
entirely  to  the  higher  form.  To  take  as  an  example  the  alternation 
of  generations  of  the  Scyphomedusie.  The  animal  is  hatched  as  a 
free-swimming  ciliateil  plnnula  (ga.strula  with  clawed  blastopore)  (fig. 
113  a).     After  a  certain  time  it  fixes  itself  by  the  pile  of  its  IxMly 

d 


Fia.  US.— DeTolopmcnt  of  thepUnnlaot  Chryiinanto  Ihr  Bet-phi <t<<mn  tuuir.  "'lb  ei^ 
nnna.     a.  Two  layered  plnnaln  iriLh  a  nnrrow    muitric  nvltj :  h,  tbo  Mund  »tu>T 
Mt«chmmt  with  Jnnt.fomed  month  (O),  uiil  Commenciop  tpntaclos;  r,  foar-nmuxl  1 
phiRtoma  p<)l,n) ;    V^k^  excrvtod  cuticalar  ekeloton  ;    J,  el^ht-ftnutnl  8cyphiflioinft  ; 
H-ith  wide  oimiih ;  21,  loagitadinal  miuolea  of  the  gutrio  rid^fM  i  Cik,  miH«<1  outiCttU 
•kelcuin. 

which  is  directed  forward  in  swimming,  and  acquires  at  its  free  ex- 
tremity a  new  motith,  round  which  1,  2,  4,  8,  and  liniLlly  16  long 
tentacles  soon  make  thoir  apj)earnnce ;  while  the  broad  onil  region 
projects  aa  a  contractile  cone  (fig.  113  b,  c,  d).  Inside  the  gnj»t 
cavity  there  project  four  gastric  ridges  with  longitudinal  mu.'<cu], 
bands  extending  from  the  foot  or  point  of  attachment  to  the  haxe 
the  oral  cone.  Wlien  the  polyp,  which  has  now  liecome  a  Scypi 
toma,  has  under  favourable  conditions  of  nutrition  re^iched  a  oertai 
size  (about  2  to  4  mm.),  ring-like  constrictions  are  formed  at   the 
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aterior  part  of  the  body,  giving  rise  to  a  series  of  segment-like 
iviidons.  The  anterior  poi-t  of  the  body  bearing  the  tentacles  is 
st  marked  off;  and  following  this  a  greiiter  or  less  number  of 
ctions,  the  new  segments  appearing  continuously  iu  the  direction 
om  before  backwai-d.  The  hiudermost  or  bai<al  swollen  clul»-ahaped 
end  of  the  polj-p's  body  remains  undivided.     The  Scyphistoma  has 
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Fia.  IIS.—*,  Suge  of  Scypl'i'toma  wUh «lxt«>n  annii (nU ghtly  m«gn lfl«d)  i  Ow.  gutrioridga, 
I  /.  Oomtoetioinff  strobilUation. 

^^Ao^  become  the  Strobila,  which  itself  passes  through  various 
^^Bevelopmental  phases.  The  tentacl&s  abort ;  the  successive  segments, 
^^■MnteK]  from  each  other  by  constrictions  iind  provided  with  Inl^e- 
^VBn  continuations  and  miu-ginal  bodies,  become  transformed  into 
[  small  fiat  diaos,  which  become  separate,  and,  as  E/tki/ne,  represent  the 
larvie  of  the  Seyphomedusw  (fig.  113  b-h). 
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In  the  other  ca-ses  in  which  the  sexual  and  a^nial  forms  mot- 
phologtciiUy  resemble  each  other,  as  in  Salpa,  the  origin  of  the 
alternation  of  generations  maj',  as  in  the  ca«e  of  the  origin  of  the 
diax'ioiiK  from  the  hermaphrodite  state,  be  tnice<l  bitck  to  the  ten- 
dency towards  the  establishment  of  a  divTsion  of  labour  acting  ujwn 
an  anim;il  which  possessed  the  capacity  of  senial  and  H«exual  repro 
ilucticm.  It  was  advantiigeous  for  the  formation  of  the  regular  ehuio 
of  buds  (stolo  prolifer)  that  the  power  of  sexual  repi-oduction  iiiould 

be  suppressed,  and  tbat  the 
genei-ative  organs  should  l>e- 
corae  rudimentarj"  and  tinnlly 
vanish  in  the  budding  indivi- 
duals ;  whUe,  on  the  other 
hand,  in  the  individuiJs 
united  in  the  chain,  the  ge 
rative  organs  were  early 
veloped,  and  the  stolo  prolife 
was  aborted  and  oumple 
vanished. 

S|)ecial  forms  of  altematio 
of    generations    may    be 
tinguished   in   which  colouic 
are  formed  as   the  result 
the   asexual    repr<«hiction   bf 
budding  from  a  single  anL 
tlie  buds  remaining  attached] 
and  developing  into  indinduals  1 
which  diller    considerably   in 
structure  and  appearance,  and  I 
each  of  which  performs  special  i 
functions  in  maintaining  the] 
colony    (nutritive,   prot-ective^J 
sexual,  etc.)      Such  a  form  of 
alternation  of   generations  is 
known  as  polipnorj>hi*m,*  and  reaches  a  great  complication  in  thfl 
polymorpboiis  colonies  of  the  Siphonophora. 

A  form  of  reproduction  which  closely  resembles  metagenefsiB,  but 
which    genetically  has  quite  a   different   explanation,  is   the  latelj 
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Fio.  lis.— j;,  Full.v  ili'velopefl  StTohils  with  aepn- 
ruting  Kph>Tii).  *.  Free  Kpbyra  (of  ubout  1  6  to 
S  mm.  dljuneter. 


*  P..   Leiickart,    "ITeber   den    I'olvinorphi«mus    tier    Indiviilueu  o<lcr 
ErschBinung  der  Arbeitstbeilung  in  der  Natur,"    Gicssen,  1851. 
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disoorered  process  known  as  heterogamy.  It  is  charactei-ised  by  the 
■W'l'wuon  of  difierenlly  organized  sexual  genenitions  living  under 
Aftwnt  nutritive  conditious. 

Heterogamy,  which  was  first  discovered  iu  certain  small  Nematodes 
{t%Ad<mfina  nigrorenosum  and  Leptoderaappendicidata),  can  scarcely 
W«x{4aini>d  otherwise  than  as  an  adaptation  to  changed  conditions. 
Rrwhen  the  emhryo  is  developed  ag  a  pjirasite  in  conditions  favour- 
iM»  for  the  soquil^ition  of  nutriment,  it  gives  rise  to  a  sexual  form 
0  different  in  size  and  structore  from   that  which   arises  if  the 
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^^.  114 — A.  BhAtidonenm  nffntirenoinnii  of  about  8*6  niTn,  in  length  nt  the  Htneo  wh«n  the 
^•le  or«iuM  Kre  rir«.  6,  Bonltnl  trlaod;  O.  mouth  ;  i>,  alimentary  canal ;  vl,  anua  ;  .V, 
B»i  I  I  II II,  Drt,  rlaoil  c«lliii  2,  iKOlaKylepermalOf'tt.  B,  Mnio  and  female  Rhabditit, 
t^mtb  frtim  abont  1  G  to  <  mm. ;  Or,  ovaiy  ;  T,  tostU ;  V,  female  genital  opening; ;  S/>, 
•ptrnla. 

«iafari'o  leads  a  free  existence  in  damp  earth  or  dirty  water  (i.e.,  iu 
eooditinos  not  fo  favourable  for  the  acquisition  of  nutriment),  that 
■e  liliould,  from  the  diiference  in  their  structure,  place  the  two  forma 
different  genera.  Bhabdonema  nigrovenosum  from  the  lungs  of 
Bjitrndiians  and  the  free-living  Rhabditis  follow  each  other  in  a 
strictly  alternating  manner  (fig.  114,  A,  B).  Other  ca.-es  of  hetero- 
gamy aie  afforded   by  the  Baik-lice  (Chermes),  and  the  Root-lice 
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(Phylloxeni),  in  that   one  or  more  (winged  and  apten:)U8)  f( 
generations  are  cbanu-terit<ed  liy  ptirthenogenotic  repi-oduction, 
consiiit  only  of  oviparous  females;  while  the  generation  of  female^ 
which  lay  fertilised  eggs,  apjHjai's  with  the  males   only  at 
times  of  the  year,  and  can  be  distinguished  by  theii"  small  size, 
by  the  reduction  of  their  mouth  parts  and  diga-^tive  appKiratus. 

Such  forms  of  het«rogHmy  lead  back  apparently  to  alteruiatioi 
of  generations,  especially  when  the  parthenogenetic  geueratioi 
present,  in  the  structure  of  their  generative  apparatus,  essentt 
ditferences  fixim  the  females  which  copulate. 

The  plaiU-Uce  and  gaU-JlUs  art'ord  iustonoes  of  this.     The  repro- 
ductive  jiroa^ses   of    these   animals,   on    the   authority   of    Steco- 
strup  and  V.  Siebold,  were  regarded  for  a  long  time  as  iui^tances  of 
alternations  of  generations,  until  the  view,  wliich  was  supported  by 
the  repi"oductivo  processes  of  the  allied   burk-lice,  that  they  came 
under  the  head  of  heterogamy,  reo«ved  geneiiil  assent.     Accordi 
to  tlus  view,  the  vinpai-ous  forms  of  the  phmt-lice  (Aphides) 
merely  modified  females  adapted  for  parthenogenetic  repi-oductioi 
and  their  reproductive  gland  is  nothing  more  than  the  nioditii 
ovary.    There  are  also  cases  of  hetei-ogamy  in  which,  in  the  fiarthe: 
genetic  generations,  the  development  of  the  egg  commences  iii  t 
ovai-y  of  the  larva,  repi-oduction  lieing  shifted  back  into  larval  lif( 
This  form  of  heterogamy,  which  rasembles  alternations  of  gea( 
tions,  was  shown  to  occur  in  the  larva  of  Cecidomyia  (Miastor) 
Nic,  Wagner  and  by  O.  Giiram  in  the  larva  of  a  species  of  Chi. 
nomus,  and  is  to  be  looked  upon  as  a  ctse  of  pi-etiocious  developm* 
of  the  egg  Ln  the  parthenogenetic  generation.     The  morpliologiaU 
undeveloped  larva  lias  acfiuire<i  the  power  of  reproducing  itself 
means  of  its  rudimentary  ovary,  u  phenomenon  which,  foUowiug  i 
proposal  of  C.  E.  v.  Baer,  has  been  desigmited  Padogeiuxin. 

If  the  reproductive  gland  of  the  Cecidomyia  larva  be  lix)ked  upon 
as  a  germ-gland,  and  the  cells  contained  in  it  as  geini  cells  or  spoi 
tVie  reproduction  of  the  Cecidomyia  falls  into  the  categoiy  of  aJtei 
tions  of  genemtions.  But  the  ideji  involved  in  the  tei-m  "  spore 
borix)wed  from  the  vegetable  kingdom,  and  thero  ia  no  reason 
looking  upon  these  or  any  other  structures  in  the  Metazoa  as  spoTHk' 
Tiio  above  explanation,  therefore,  is  untenable.  The  reproductive 
celL-<  in  the  Metazoa,  which  have  been  regarded  in  this  light,  have 
much  more  pixibably  ori);iiiate<i  from  ma&ses  of  cells  which  repi 
the  rudiment  of  the  ovary,  and  which  are  ustudly  visible  in  ea: 
■tagaa  of  development. 
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Fanh«r  it  cannot  be  doubted  that  the  development  of  the 
DtatofflOE;  which  has  hitherto  been  reg&i'ded  as  a  case  of  alternation 
d  gcBentioDS  really  represents  a  form  of  heterogamy  allied  to 
[{■liignMng.  After  the  completion  of  the  segmentation  and  em- 
\rniik  derelopment,  the  ciliated  embryos  (fig  115,  a,  b)  pass  from 
tlwtggiiito  the  water,  where  they  swim  about,  and  eventually  make 
•iar  way  into  the  body  of  a  SnaU,  in  wliich  they  give  rise  to  sao-like 
vkuched  Sporocysts  (fig  115,  c)  or  to  Rediie  provided  with  an 

Btuy  canal  (fig.  115,  d). 
Am  stages  in  the  development  of  Distomum  which  are  apparently 


ft*-  lU.— Dtrelopmenlal  history  of  Diitomnm  (ia  put  after  B.  Lonckart).  a.  Free- 
tvtaniaf  oUUted  emhiyo  of  tbo  liver  flake. — h,  the  Mine  conlrscted,  with  nKliteent  of 
osniU  J> ;  and  a^Rregations  of  mUk  ;  Or,  radimont  of  i^enttnl  i^laiiU ;  Ex, 
i  ap|mr»tni  of  the  excret^iry  eyntem. — c,  SporocyKt,  which  biu  pnK-p^'twl  from  it 
icmbryo,  QIUhI  with  Cert^wiir  C;  £.  spine  of  n  Cercaria. — i,  Red  la  with  pharynx 

Wj  lHmiinl«f7  caoaJ,  DiBt,  excretory  OTgana;  C,  contained  Cercariie i,  free  Cercaria; 

iLndnr:  />,  gat. 


noptmble  to  larvae,  produce  by  means  of  the  BO-c.Uled  germ  granules 

■'    ^ '^' res  •  generation  of  oBVpring  known  n»  CVrrairiie  (fig.  115,  e), 

ii  become  free,  and  then  make  their  way  into  the  body  of  n  new 

Imm,  and,  after  the  loss  of  the  oral  spitie  and  caudal  appenilage,  enc3rHt 

(lig  I  \hf).     Hence  they  are  carriod  into  the  body  of  the  permanent 

boot  to  develop  into  the  («xual  adult  form, 
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It  IK,  however,  exti-emely  probnble  that  the  masses  of 
ffom  which  the  Oerairiie  luis*  i-epreseiit  the  rudiments  of  ovsri 
the  elements  of  which  develop  partheuogeuetically  witliout  the 
addition  of  speruiutozoa.  The  so-culled  germ  siics  (Sporocj'sts  or 
Rediffi)  would  in  thii«  case  be  lai-vte,  which  possess  the  power  of 
reproduction ;  tmd  the  development  of  the  Distomete  would  came 
under  the  head  of  heterogamy.  The  Cercariw,  however,  represent  s 
second  and  more  advanced  larval  phase.  Provided  with  a  motile 
tail,  frequently  with  eyes  and  buccal  spine,  their  organization,  6Kn 
in  the  absence  of  develojjed  genenitive  organs,  pi-esents  gre»t  ami- 
laritieti   to  the  sexually   mature  adults   into   which    thoy    develop. 

This  development,  however,  takes  plae* 
only  in  the  body  of  another  and  usunUy 
more  highly  organized  host  after  the 
lo&s  of  the  larval  organs.  ^H 

If  the  conception  of  a  spore  as  a^^ 
S8exu.-tl  reproductive  product  be  muin- 
taincMl,  it  becomes  impossible  in  practice 
to  di-aw  a  sharp  line  between  oltei 
tion  of  generations  and  heteTogam; 
since  there  is  no  test  which  enables  n» 
to  <Ustiiiguish  between  a  spore  and  an 
ovum  which  develops  parthenogeneti- 
Cidly.  On  the  other  bond,  if  we  inter- 
pret, as  we  are  justified  in  doing,  the 
so-called  spores  as  precociously  developed 
ova,  alternation  of  generations  and 
heterogamy  can  be  clearly  distinguished 
fix>m  one  another,  since  in  the  former 
one  generation  is  asexual,  and  iB- 
creiMies  entii-ely  by  budding  and 
division ;  while  in  the  latter  both 
generations  are  sexual,  though  in  one 
of  them  the  ova  may  possess  the  power 
of  spontaneous  development. 

An  essential  characteristic  both  of  heterogamy  and  alternation 
of  generations  depends  ujxm  the  ditlereut  form  of  the  individuals 
apiM-ftring  in  the  generations  which  tisually  occur  in  a  reguUrly 
Hlteruatiiig  manner  in  the  life-hist'iiry  of  the  species.  But  tbeiv 
are  cast*  in  which  two  methods  of  reproduction  may  follow  each 
other   in    the   life-historv  of   one  individual.       Tliis   form   of   tha 
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Tto.  115.  /,— TouDff  Dl«toiDum 
(after  L«  V»1ctte).  ir.r,  nuun  trunk 
of  ejcrclory  •y«tom  ;  ^js  eitrro- 
Inry  yvjn ;  O,  mutitlt  ofwiiinff 
w.th  aticker ;  •<',  auckor  on  middle 
of  Tuiitml  aurfHCe  i  P,  pbnryux  ; 
D,  Uiub  of  Kllueutarjr  cuuil. 
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reproductive  procMs  is  of  the  greatest  interest  as  throwing  liglit 
upon  thf  way  in  which  the  phenomena  of  alternation  of  gent-nitions 
ami  heterng-amy  may  hivve  arisen  in  that  it  appears  in  a  certain  degree 
as  the  precursor  of  the  alternating  sequence  of  two  or  more  genera- 
tioos  of  individuals.  The  so-«illed  alternation  of  generations  in  the 
stoneH»mU  (Blastotrochus),  which  in  early  life  reproduce  themselves 
by  budding,  without  thereby  losing  the  power  of  acquii-ing  sexual 
orgMis  At  a  later  period  of  life,  forms  an  example  of  tliis  method  of 
retrod  notion. 

In  this  category  of  incomplete  heterogamy  should  be  placed  the 
reproductive  pi-ocesses  of  the  Phyllopoda  and  Rotifera,  in  which  the 
female  produces  summer  eggs  capable  of  partheuogenetic  develop- 
ment, and  later  winter  eggs  requiring  fertilization  (iJaphnida). 

[In  the  above  account  the  term  alternation  of  genei-ations,  or 
iietagenesis  is  applied  to  those  cases  in  which  sexual  and  asexual 
itious  alternate ;  while  heterogamy  is  applied  to  tliose  cases 
rhich  two  sexual  generations  or  a  sexual  and  partheuogenetic 
geoeration  alternate.] 


CHAPTER   IV. 

HISTORICAL  BEVIEW.* 


Thx  origin  of  Zoology  extends  far  back  into  antiquity.     Aristotle 

E(4th  century  B.C.),  who   scientifically   and  in  a    pLilosopliio  spirit 

rorked  up  the  experiences  of  his  predeces-st>rs  with  his  own  extended 

observatious,  mu^t.  be  looked  upon  as  the  founder  of  this  science. 

be  most  important  of  his  zoological  workst  treat  of  the  "  Repro- 

luction  of  AnimnLs,"  of  the  "  Pai-ts  of  Animals,"  and  of  the  "  History 

Animals." '  The  last  and  most  important  work  is,  unfortunately, 

only  incompletely  preserved. 

We  must  not  exjject  to  find  in  Aristotle  a  descriptive  zoologist, 

I  nor  in  liis  works  a  system  of  animnis  followed  out  into  the  smallest 
•  VirrtoT  Cama,  "  Gesoliichle  der  Zoologie."  HUnchpn,  1872. 
t  Compnn;  JUr>j(<u  Bona  Meyer's  '•  Aristoteles'  Thierkundc  "  (Berlin.  iM.'i.';). 
^Komtritui,  "  AristolfkV  Tbdle  der  Tliic-re  "  (Leipzig.  18.'i3). — .\ubert  and 
Wiinmer,  '•  Aristoteles'  Fiinf  IsUi'her  vou  der  Zcu^untr  und  Kiitwiekluug  der 
Tbiere,  Ulteitsvtzt  nnd  crliliitert "  (Leipzig.  18fiii).  —  Anbert  und  Wimmer, 
^  Aliatotele*' Tbierktuxle."    Band  I.  und  IL     (Leipzig,  18«8). 
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details ;  a  one-sided  treatment  of  Gcience  was  not  the  object  of  tMs    1 
great  thinker.  J 

Aristotle  contemplated  animals  as  living  organisms  in  all  thdr^f 
relations  to  the  external  world,  according  to  their  development,  ■ 
structure,  and  vital  phenomena,  and  he  created  a  comparative  Zoology,^| 
which  in  several  respects  constitutes  the  iMsis  of  our  science.  Thi^| 
distinction  of  animals  into  animals  wiffi  UimkI  (Ivaiiia)  and  anir/wtVH 
teilfwut  blood  (afoifia),  which  he  in  no  wise  used  as  a  strictlyH 
systematic  conception,  certainly  depends,  according  to  the  meanin^H 
of  the  woi-d,  u]X)n  on  error,  since  all  animals  possess  blood ;  and  tbaS 
red  colour  can  by  no  means  be  taken,  as  Aristotle  believed,  to  be  •  V 
tOBt  of  the  presence  of  blood  ;  but  as  the  possession  of  a  bony  VBrte- 
bral  column  was  put  forward  as  a  character  of  the  animals  provided^ 
with  blotxl,  the  two  groups  established  by  this  distinction  coincided'^ 
in  their  limita  with  the  two  great  divisions  of  VertebrateB  and 
Invorteltiiites.  ^_ 

The  eight  animal  groups  of  Aristotle  are  the  following : —  ^| 

A  nimals  iritlt  blond,  Vertebrates  — 

(1)  Vivipirous  animals  (four-footed,  loxrrnKovi'Ta  iv  avroli),   witli  ^ 
which  as  a  special  yivoi  was  placed  the  whale.  H 

(2)  Biitls  (opy.flcs).  ^ 

(3)  Ovipirous  four-footed  animals  (r<T/]airo8a  tj  airo&x  tforoKovvra), 

(4)  Fishes  (ixflu'c?). 
Animals  w!t/i(nil  blood,  Invertebrates — 

(5)  Soft  animals  (fiaXoKia,  Cephalopoda). 
(G)  Soft  animals  with  shells  (/laXaxocrpaxa). 

(7)  Insects  (ivTofui). 

(8)  SheJled  animals  (ocrrpaKoSipfiaTo,  Echini,  Snails,  and  Maasek)J 
After  Aristotle,  antiquity  only  possesses  one  zoological  writer  dt\ 

note — Pliny  the  elder — to  point  to.     He  lived  in  the  first  centuryi 
and,  as  is  well-known,  was  killed  in  the  great  Eruption  of  Vesuvius 
(79),  while  captain  of  the  fleet.     The  natural  histoi-y  of  Pliny  de 
with  the  whole  of  nature,  from  the  stoi-s  to  animals,  plants,  anj 
minerals ;  it  is,  however,  of  no  scientific  value  ns  an  original  work 
but  is  merely  a  compilation  of  f.-icts  collected  from  known  aouroMi  j 
and  is  not  by  any  moans  implicitly  to  be  trusted.     Pliny  borrowe 
to  a  large  extent  from  Aristotle,  often  unders-tood  him  falsely,  and 
also  accf'pt-e*l  here  and  there  as  facts  fables  which  had  been  rejects 
by  Aristotle.     Without  setting  up  a  system  of  his  own,  he  di\-ide 
nnitmils  according  to  the  medium  in  which  they  lived — into  Land 
ftuimals    (Terrestriu),    Aquatic-animals     (Aquatica),    and    Flying 
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laiiimals  (Volutilia), — a  division   which  waa  accepted  till  Oessuer'a 
time. 

With  the  decline  of  the  sdences,  natural  history  also  fell  into 
ttblivion.  The  mind  of  man,  fettered  by  the  belief  in  authority,  felt 
the  middle  ages  uo  need  fur  an  indejxtndent  contemplation  of 
Nature.  But  the  writings  of  Aristotle  aud  Pliny  found  an  asylum 
ntbiu  the  walla  of  the  Christian  cloisters,  wliich  preserved  the 
of  science  develope<l  in  Heathendom  from  complete  extinc- 
iion. 
In  the  course  of  the  mi<ldle  ages,  fii-st  the  Spanish  liisliop,  Isidor 
Seville  (in  the  seventh  century),  and  later  Albertus  Magnus 
the  thirteenth  centuiy)  wrote  works  on  natural  history ;  but  it 
laot  until  the  renaissance  of  the  sciences  of  the  sixteenth  century 
■  the  works  of  Aristotle  again  came  to  the  fore,  and  the  desire 
l>r  independent  observation  and  research  was  also  roused.  Works 
I  those  of  C  Oessner,  Aldrovandus,  Wotton,  testified  to  the  newly 
ling  life  of  oui-  science,  whose  scope  was  continually  being  in- 
creoeed  by  the  discovery  of  new  worlds. 

The  next  century,  in  which  Hivrvey  discovered  the  circulation  of 
the  blood,  Keppler  the  revolution  of  the  planets,  and  Newton's  law 
of  gravitation  formed  the  beginning  of  a  new  era  in  physios, 
was  also  a  fruitful  epoch  for  Zoology.  Aurelio  Severino  wi-ote  his 
"Zootomia  democritaai"  (1645),  a  work  which  contained  iwatomicnl 
drawings  of  various  animiils,  more  for  the  use  and  advancement  of 
human  anatomy  and  physiology.  Swammerdam  in  Leyden  dissected 
the  Ixxlies  of  Insects  jiud  Molluscs,  and  described  the  metamorphosis 
of  the  Frog.  Malpight  in  Bologna  and  Leeuwenhoek  in  Delft 
applied  the  invention  of  the  microscope  to  the  examin.'vtion  of 
tissuee  and  the  smtvlli-st  organisms  (animids  from  infusions).  The 
latter  discovered  the  lilood  corpuscles,  and  lirst  .saw  the  transverse 
striationa  of  muscular  libi-es.  The  spermatazoa  also  were  discovered 
by  a  student,  Hamm,  and  called,  on  account  of  their  movements, 
sperm-animals.  The  Italian  Redi  opposed  the  spontaneous  genera- 
tion of  animals  in  putrefying  matter,  proved  the  origin  of  Maggots 
from  Flies'  eggs,  and  supported  Harvey's  famous  expression,  "  omna 
rririim  ex  oro."  In  the  eighteenth  century  the  knowledge  of  the 
life-history  of  animals  was  euurmoa-ily  ewiched.  Invejstigators  such 
as  Reaumur,  Boael  von  Rosenhiif,  De  Geer,  Bonnet,  J.  Chr.  Schaelfer, 
Lealermuller,  etc.,  discovered  the  metamorphosis  and  Ufe-lustory  of 
lusocts  anil  native  aquatic  animalh,  while  at  the  same  time,  by 
expeditious  into  foreign  lands,  a  great  number  of  animals  from  other 
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continents  became  known.     In  consequence  of  these  ext^nfled  oft 
vations  and  a  e<)utunwlly  growing  eagerness  to  collect  curiosities  fruuti 
foreign  countries,  the  zoological  material  increof^d  so  largely  that, 
in  the  absence  of  precise  distinctions,  nomenclature  iind  aiTungement^J 
the  danger  of  en-or  was   great,  and  a  general  review  of  the  fa 
almost   impossible.     Under  such  conditions,   the  appearance  of 
Bystematiser   Carl    Linna.>a<<   (1707 — 1778)  must  have   been   of  thai 
greatest  importance  for  the  furtlier  develo|imeut  of  Zoology. 

Ray,   who  is  justly   placed  in  the   first  rank  of  Linueus'  pr 
cessors,  had  earlier  endeavoui-ed  to  acquire  a  UtsLs  for  the  sjstemstiel 
treatment,  and  with  a  certjiin  amount  of  success,  but  he  fiiilol  xa\ 
organise  a   thoroughly  methodical  aiTangement.     He  was   the  firsll 
to  introduce  the  conception  of  "  species  "  and  to  consider  anatomic 
characters  n»   the   biu)i.s  of  classification.      In   his  work,    entitle 
"  Synopsis  of  Mjimmalia  and  Rcptilia  "  ( 1 693),  he  adopted  Aristotle'ti 
division   of   the   animal   kingdom   into  animals  with   and    anima 
wthout  blood.     With  regard  to  the  first  he  laid  the  basis  of  th 
definitions  of  Linnieus'  first  four  classes ;  the  latter  he  divided  intol 
a  gi-eater  group,  containing  Cephalopods,  C'niii-tacea,  and  Te 
and  into  a  smaller  conttiining  the  Insecta. 

The  impoi-tance  of  Linnieus'  work  to  the  development  of  sdS 
depended  not  on  any  far-reaching  investigiitions  or  important 
coveries,  but  on  his  acute  sifting  and  exact  division  of  the  then  exis 
ing  facts,  and  on  the  introduction  of  a  new  method  of  more  0eiijua4 
diagnosis,  nomenclature,  and  arrangement. 

By  erecting  for  groups  of  different  value  a  series  of  categorie* 
based  on  the  ideas  of  species,  genus,  order,  class,  he  obtained  a  meuiCj 
of  creating  a  much  more  precise  system  of  classitioition.  On  th 
other  hand,  by  the  introduction  of  the  principle  of  binary  nomencli 
ture,  he  obtained  a  fixed  and  more  certain  method.  Every  anin 
i-eeeived  two  names  taken  from  the  Latin  language  —the  gene 
name,  which  was  placed  first,  and  the  specific  name,  which  togetha 
denote  the  fact  that  the  animal  in  question  belongs  to  a  definib 
genus  and  species.  In  this  way  Linnaeus  not  only  arranged  thd 
facts  then  known,  but  also  ci-eated  a  sj-stematic  framework  in  wliiob 
later  discoveries  would  easily  find  their  proper  phice. 

Linnteus's  great  work,  the  "  Systema  Natura\"  which  in  its  thirt« 
editions  received  many  changes,  embraced  the  animal,  vegetable,  and 
mineral  kiugiloms,  and  in  its  treiitment  ciin  only  lie  compared  to  i 
exhaustive   catalogue,  in  wliich  the  contents  of   nature,  like  tha 
of  tt  library,  are  registered  in  a  definite  order  with  a  statement 
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most  remarknble  chivTActerx,  Every  species  of  Rnimal  and 
plant  obtiiined  a  pbtce  determined  by  its  properties,  and  was  with 
le  speciiic  name  inserted  under  the  genus.  After  the  name  fol- 
3wed  a  ahort  Latin  diagnoMs,  and  a  list  of  the  synonyms  of  authors 
ad  statements  concoming  the  habit«  of  life,  habitat,  the  native 
oontry,  and  any  special  cliaracteiHstics. 

Lianseus  craated  for  botany  an  artiticial  syst<>m  of  classification 

Dunded  on  the  chanictfrs  of  flowers;.     Similnrly  his  classification  of 

Js  was  artificial,  as   it  did  not  depend  upon  the  distinction 

tural  groups,  but  took  isolated  features  of  internal  and  external 

icture  as  cliaructere.     Linnreus  completed  the  improvements  in 

stotle's  cla;Ssification  which  had  In'en  already  begun  by  Ray,  by 

'  eetablibhing  the  following  six  classes,  founded  on  the  structure  of  the 

heart,  the  condition  of  the  blood,  the  manner  of  reproduction  and 

respiration. 

(1)  Mammalia. — With  red  warm  blood,  and  a  he^rt  comix>sed  of 
Iwo  auricles  and  two  ventiicles,  viviparous.    The  following  orders  were 

npuished — ^Primates  (with  the  four  genera  Hf>mo,  Simla,  Lemur, 
Brtilio),  Bruta,  Fene,  OUres,  Peoora,  Belluie,  Cete. 

(2)  Avet. — With  warm  red  blood,  and  a  heart  composed  of  two 
and  two   ventricles,  oviparous — Aocipitres,   Picm,  Anseres, 

rallie,  Qallinie,  Passeres. 

(3)  Amphibia. -^'^'ith  cold  red  blood  and  a  heart  composed  of  simple 
icle  and  ventricle,  breathing  by  lungs — Reptilia  (Testudo,  Draco, 

Rtina),  Serpentes. 

(4)  Pigces. — With  cold  red  blood,  and  a  heart  composed  of  simple 
lAuricle  and  ventricle,  breathing  by  gills — Apodes,  Jugulares,  Thora- 

i,  Abdominales,  Branchiostegi,  Chondropteiygii. 

(5)  Jiuiecta. — With  white  blood,  simple  hejirt,  and  segniont«d  an- 
ennxB — Coleoptera,  Hemipteni,  Lepidoptera,  Neuropteni,  llymenop- 
era,  Diptera,  Aptera. 

5)    VeTmen. — With  white  blood,  simple  hejirt,  and  unsegmcnted 

-Mollusca,  Intastina,  Testacea,  Zooj)hyta,  Infusoria. 

While  the  followers  of  Linnaeus  developed  still  further  this  ban-en 

jd  one-sided  zoogmphical  treatment  and  erroneously  Iwiked  upon 

framework  of  this  system  as  an  exact  and  complete  expression 

the  whole  of  nature,  Cuvier,  by  combining  Comjjarative  Anatomy 

ith  Zoology,  laid  the  foundations  of  a  natural  .system. 

George  Cuvier,  born  at  Miiui]>elgnrd   1 762,  and  eduKiteil  at  the 

nrlsaka'Ieiaie  at  Stuttgart,  later  Professor  of  Comparative  Anatomy 

1  Jurdin  des  Flantes  in  Paris,  publishe<l  his  comprehensive  in- 
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vestigations  in  numerous  works,  espedally  in  his  "  Lemons  d'Anatomu 
coniparee"  (1805). 

In  his  celebrated  treatise  *  publiithed  in  1812,  on  the  arrangemeDt 
of  animals  according  to  their  organization,   he  established  a  new 
and  essentially  changed  cla^iticatiou,  which  was  the    first  amom 
attempt  to  build  up  a  natural  system.     Cuvier  did  Dot,  as   ntoct 
zootomists  had  done,  look  upon  anatomical  discoveries  and  farts  u 
in  themselves  the  aim  of  his  researches,  but  he  contemplated  thorn 
from  a  comparative  point  of  view,  which  lc^d  him  to  the  establishment^ 
of  general  principles.     By  considering  the  peculiarities  in  the  «>J 
rangements  of  the  orgivns  in  relation  with  the  life  and  unity  of 
organism,  he  recogmsed  the  recijirocal  dt>|>endence  of  the  individual) 
organs,  and  appreciating  fully  the  idea  of  the  "  correlation  "  of  part* 
already  discussed  by  Aristotle,  he  developed  his  principle  of  tlie  con- 
ditions of  existence  without  which  an  animal  cannot  live  (prineip 
rlc*  cmuiitiotia  d' existence  ou    oaiists  finales).     "  The  organism  con 
sLsts  of  a  single  and  complete  whole,  in  which  single  parts  cannot  I 
changed  without  causing  changes  in  all  the  other  parts."     By  coo 
paring  the  organizations  of  many  different  animals,  he  found  that  tb 
important  organs  are  the  most  constant,  and  that  the  less  important 
vary  most  in  their  form  and  development,  and  even  are  not  univer 
sally  present. 

He  was  thus  led  to  the  principle  so  important  for  the  systematij 
of  the  subordination  of  chiiractei-s  {priiicipe  de  la,  mtbordinatitm 
caractirefi).  Without  being  ruled  by  the  pre-conceived  idea  of  Ui| 
unity  of  all  animal  orj^anization,  he  became  convinced,  from  a  oonside 
ration  of  the  ditl'erenc^s  in  the  nervous  system  and  in  the  t 
of  the  more  important  systems  of  organs,  that  there  were  in 
animal  kinj^dom  four  main  types  {einhranohemtnU),  "  general  pbmi 
of  structure  on  which  the  respective  animals  appear  to  be  modellei] 
and  whose  individual  subdivisions,  as  they  may  be  called,  are  on 
slight  modifications  based  ou  the  development  or  the  addition  <A 
some  parts,  without  the  plan  of  the  organization  being  thereby 
essentially  changed." 

These   four   groups    (emhraiuJt^menU    Cuvier,    T)jp«n   Blainvillel 
wei*e  the  Vertebmta,  MoUusca,  Articulata,  and  Hadinta. 

The  views  of  Cuvier,  who  in  knowledge  of  anatomical  and  zoolo 
cal  detail  stood  far  alxjve  all  his  contemporaries,  were,  however, 
opposition  to  the  theories  of  men  of  note  (the  so-called  School 

•  "  Sur  un  nourcaa  rapprochement  k,  etablir  entre  leu  classes  qai  composeat  I 
r^gnc  aniaial."    Ann,  <U*  iltucum  d'UUt.  Xat.,  Turn  XIX,  1812. 
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KiiimJ  Philosophy).  In  Prance,  fitienne  Geoffrey  St.  Hilaire  pre- 
«aianitl_T  defended  the  idea,  which  had  been  already  expressed  by 
Bafa),  of  the  unity  of  the  plan  of  aniual  structure,  according  to 
•tdi  tlie  animal  kingdom  conidBted  of  an  unbroken  gradation  of 
umuU,  Convinced  that  nature  always  worked  with  the  same 
aanik,  he  put  forn-ard  his  theory  of  analogies,  according  to  which 
l4»  Uie  parts,  though  differing  in  their  form  and  the  degree  of  their 
Mofnient,  should  be  found  in  all  animals  ;  and,  further,  his  theory 
of  amntctiuus  {jrrincipe  des  connexioii.s),  according  to  which  the  same 
{unilTAVs  np{)ear  in  the  same  mutual  position.  A  third  fundi. - 
Dial  principle  was  that  of  the  equivalence  of  organs,  an  increase  in 
!o{  one  organ  being  accompanied  by  the  diminution  of  another 
The  application  of  this  principle  had  important  results,  and 
[  ltd  to  the  scientific  foundation  of  Teratology.  His  generalizations 
»,  however,  in  the  main  hasty,  in  that  they  were  founded  on 
t«ii  takKD  only  from  the  Vertebrates ;  and  if  applied  outside  that 
pMi|>  lairt  lead  to  many  rash  conclusion.s,  e.g.,  that  Insects  are 
I  ^flwbratas  tumetl  on  to  their  backs. 

I*  Germany,  Goethe  and  the  natural  philosophers  Oken  and 
|Udlijig  ppinounced  in  favour  of  the  unity  of  animal  orguaization, 
[M it  most  be  coufesiwd  without  taking  account  in  a  comprehensive 
r  of  the  actual  facts. 
Th»  result  of  this  controversy  which  in  France  wai  carried  on 
J*iih  cotudderable  vehemence  was,  that  Cuviers  view  was  victorioa*, 
'  hit  principles  met  with  the  more  undivided  a^nt  since  it 
I  that  they  were  confirmed  by  C.  E.  v.  Baer's  embryological 
Miiny  gaps  and  errors  were  certainly  discovei-ed  by  later 
stors  in  Cuvier's  rla&siiication,  and  in  detail  it  was  much 
hut  the  establishment  of  his  animal  types  as  the  chief 
pi«ip»  of  the  system  was  retained,  and  wivs  supported  by  the 
"•Ita  of  the  developing  Science  of  Embryology. 

If  most  essential  of  the  modifications  which  it  has  become  neces- 
•fytoraakf  in  Cuvier's  system  relate  chii'Hy  to  the  increiise  in  the 
•"■her  of  types.  Tlie  Infusoria  were  some  time  ago  removed  from 
toe  Badiata,  and  as  Protozoa  arranged  by  the  side  of  the  four  other 
pnipe.  lAtely  the  numt>er  of  groups  has  been  increased  by  the 
rjiitm  of  the  K;ulinta  into  C<Blenterata  and  Echinoderuiata,  nnd  of 
Articulata  into  Arthropoda  and  Vermes,  and  of  the  Mullu.sca 
I  three  groups. 

times,  however,  Cuvier's  view  hi\s  exjjerienced  an  es-sential 
ion  in  favour  of  the  Natui-al  Philus4:>phers,  and  the  idea  of 
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the  absolute  independence  and  isolation  of  each  group  mnst  he  j 
up.     With  a  more  complete  study  it  has  been  shown   that 
niediat«  forms  exist  connecting  the  various  types,  and  that 
quently  no  sharp  line  of  demai-oition  can  be  drawn  l>etwfeu  the 
But  just  as  the  traob-itioiuil  forms  between  animals  and  plants  > 
abolish  the  diiitinction  between  these  two  most  important  concep 
of  the  orgitnic  kingdom,  k)  the  existence  of  such  transitional  fon 
does  not  in  any  way  affect  the  value  of  the  idea  of  groups  and  tj] 
as  the  chief  divisions  of  the  animal  system,  but  only  readers  i 
probable  that  the  different  groups  have  developed  from  a  siiuiUr 
common  stjirting-point. 

And  to  this  coiTesponds  the  fact,  which  has  become  reoogniiol 
with  the  progress  of  embryologiwil  knowledge,  that  simihir  lamil 
stages  and  tissue-layers  (germinal  layers)  are  found  in  the  develop- 
mental history  of  the  different  types.  This  fact  points  to  a  gene 
connection. 

Likewise  the  results  of  anatomical  and  embryological  compari«oii 
have  rendered  it  probable  that  the  types  are  by  no  means  absolute 
independent,  but  are  subor<linated  to  one  another  in  moi-e  or  la 
close  relation,  that  eKjiecially  the  higher  groups  are  genetically  to  1 
derived  from  the  Worms,  a  git)up  which  fertainly  includes  extreme 
dissimilar  forms,  and  eventually  will,  without  doubt,  be  broken 
into  several  tj-pes.     We  consider  it,  under  such  circumstances,  i 
venient,  in  the  present  state  of  science,  to  distinguish  nine  types  i 
the    chief  divisions,   and   to    cliaracterise    them    in   the   foUo 
manner : — 

(1)  Protozoa. — Of  small  size,  with  differentiations  within  the 
code,    without   cellular  organs,  with  predominating   asexual  rcpr 
duction. 

(2)  Cielenterat/i. — Eadiatc  animals  segmenteil  in  terms  of  2,  4,  <r" 
6;  mesoderm  of  connective  tisi<ue,  oft*jn  gelatinous;  and  a  central 
body  ca^ty  common  to  digestion  and  circulation  (gastro-vasculur 
space). 

(3)  Ediirwdermata. — Radiating  animals,  for  the  most  port  of  pen* 
tamerous  arrangement ;  with  calcircous  dermal  skeleton,  often  iH^nf 
ing  spines ;  with  sepiuiito  alimentary  and  vascular  systems  ;  and  wit 
nervous  system  and  ambulacral  feet. 

(4)  Venues, — Bilateral   animals   with  unsegmented  or  uniforn 
(horoonomous)  segmented  bi^ly,  without  jointed  appendages  (limbfl 
with  paired  excretorj'  canals  sometimes  called  water- vascular  syst 

(6)  A  rUiropoda. — Bilateral  animals  with  heteronomously  segment 
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ii»  «id  jointed   appendages,  with  brain    and  ventml  chuiu  of 

\i)  UoUu^dAdea, — Bilateral,  unsegmented  animals   with   ciliated 

joielrtof  t«nt«cles  or  spirally  rolled  bucoil  arms;  either  polj-p-like 

[ml  [xvTiJed  with  a  hard  sliell  case,  or  mussel-like  with  a  bivalve 

(tthe  Tiilves  being  ant.erior  and  posterior;  with  one  or  more 

I  connected  together  by  a  periajsophageal  ring. 

(7)  U^ntca.—  BUat«ral   animals   with   soft,   unsegmented   body, 

«  skeleton   serving   for   purposes  of   locomotion ;    usually 

I  in  a  single  or  bivalve  shell,  which  is  excreted  by  a  fold  of 

!  ddn  (mantle) ;  with  brain,  pedal-ganglion  and  mantle-ganglion. 

I  TvnioaUi. — Bilateral  unsegmented  animals  with  sac-shnpexl  or 

aped  l)odies,  and  a  large  mantle  cavity  perforated  by  two 

•fwiap;  simple  nervous  ganglion,  hejirt  and  gills. 

(♦)  7attf>rala. — Bilateral  animals  with  an  internal  cartilaginous  or 
*■««  segmented  skeleton  (vertebral  column),  which  gives  otf  dorsil 
piwsKs  (the  neural  arches)  to  summnd  a  cavity  for  the  reception 
<itk(({n]ial  oonl  and  brain;  and  ventral  proces.ses  (the  ribs)  which 
I""*! »  wvity  for  the  reception  of  the  vegetative  organs ;  never  with 
MR  than  two  pairs  of  limbs. 

L 

^^^Mfflerent  opinions  have  been  held  in  ditlfrent  places  and  at 
^^HKit  times  as  to  the  value  of  the  system.  In  the  livst  century 
tl»  Preoch  Zoologist  BulFon  held  the  system  to  be  a  pm-e  invention 
''^lielimiuin  mind  ;  wliile  more  recently  L.  Agnssiz  thought  that  a 
•*!  oeamng  could  be  attributed  to  all  the  divisions  of  the  system. 
HoitpLuned  the  natural  system  founded  on  relationship  of  organiza- 
tioB  M  a  tnuialation  of  the  thoughts  of  the  Creator  into  human 
iuguage,  by  the  investigation  of  which  we  become  unconsciou-ly 
•ntvrpreterH  of  his  ideas. 

But  it  is  clear  th.-xt  we  cannot  call  that  an-angeraent,  which  is 
Aiiml  from   the   relations  of  organinition  founded  in  nature,  an 
Biion  of  man.     Similarly  it  is  preposterous  to  deny  the  sub- 
Kwe  participation  of  our  intellectual  activity,  since  in  every  sy.stem 
» expressed  a  relation  of  the  facts  of  nature  to  our  comprehen- 
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iiion  and  to  the  state  of  scientilic  knowledge.     In  this  eaaae  I 
appi-opriattjly  mils  h  natunil  syetem  a  contnidictoi-y  expression. 

In   establishing  systems,  that   which  comes  into   cont«mplati 
consists  of  the  indi\-idual  forms  which  are  the  objects  of  obse 
Every  systematic  ooncej)tion,  from  tliat  of  the  species  to 
type,  depends  upon  the  bringing  together  of  similiar  properties,  i 
is  an  al>sl  i-action  of  the  human  mind. 

Species, — ^Tbe  great  majority  of  investigators,  till  very  recently, 
were  agreed  in  looking  upon  the  apeciea  as  an  indepemleutly  cmtai 
unit  with  special  properti&s  which  were  retained  in  propagation,  i 
were  resiUy  contented  with  the  fundamental  idea  in  Linnajus'  defi 
tiou  of  species :  I'ol  numeramug  ap«cie»  quot  ah  initio  crentil 
finiluvt  en»."  Tliis  view  also  accorded  with  a  dogma  prevalent 
Geology,  according  to  which  the  flora  and  fauna  of  the  suoeessivv 
periods  of  the  earth's  hi.story  were  completely  isolated,  being  cnait«ii 
afresh  at  the  beginning  and  destroyed  by  a  vast  catastrophe  at  I 
end  of  each  penod.  It  waa  supposed  that  no  living  thing  could  '' 
presei-ved  through  one  of  these  catastrophes  from  one  periixl  into  tlw 
next ;  that  every  species  of  animal  and  plant  was  specially  creat«i 
with  definite  characters,  which  it  i-etained  unchanged  until  it  wv 
destroyed.  This  idea  was  confinned  by  the  ililFerence  between  xh» 
fossil  remains  of  Vertebiiites  (Cuvier)  and  Molluscs  (Lamarck),  tuid 
the  living  foi-ms  of  these  types. 

As  a  matter  of  fact,  however,  neither  in  the  animal  nor  in  tl 
vegetable  kingdom  do  oflipring  resemble  exactly  the  parent  fonn* 
from  which   they  have  originated,  but  present   dilTeivnoes  m<w«  i 
less  cons-idepible,  so   that  the   idea  of   absolute   identity   must 
removed  from  oiu*  detiiiitiou  of  spteeies,  and  agreement  in  the  i 
essential  particulai-s  introduced  in  its  place.     The  species  would 
cordingly,  in  close  agi-eement  with  Cuvier's  definition,  include 
li^ng  forms  which  )uice  the  most  essential  properties  in  common,  i 
descended /rom  one  anol/ier,  ajui  prmliice  /ruitj'tU  descendants. 

All  the  facts  of  uaturid  life,  however,  can  by  no  means  be  i 
agreeably  to  this  conception,  which  has  for  a  fundamental  princip 
that  all  essential  jieculiarities  must  lie  preserved  unaltered  by  repn 
duction  through  all  time.     The  gi-eat  diificulties  in  dctining  S]wci4 
which  occur  in  practice,  and  which    prevent  a  sharp   line 
drawn   between  species  and   variety,  indicate  the  insufficiency 
the  conception. 

Varieties. — Individuals   belonging  to    the  same  species  do 
resemble  each  other  in  all  particulai's,  but  present  diU'erencos  wli 


investigiition,  suffice  to  distinguiKh  the  indiviclunl  forms, 
ntnnations  of  oicxlitied  characters  are  oft«n  present  in  the  same 
aeei,  and  occasion  important  variations  {varietiett)  wluch  can  be 
ited  by  the  descendants.    The  more  important  of  such  rariations 
,  «re  maintained  by  reproduction  are  called  coTUlant  v)irieties  or 
*,  or  raCM,  and  are  divided  into  luxlural  races  and  artificial 
or  datnuticateii  races. 

The  former  are  found  in  free  natural  life,  and  are  usually  confined 
to  definite  localities.  They  have  arisen  in  coui"se  of  time  in  conse- 
quence of  conditions  of  climate,  and  under  the  influence  of  variations 
in  manner  of  life  and  nourishment.  The  domesticated  races,  on  the 
other  hand,  owe  their  origin  to  the  cai-e  and  cultivation  of  man, 
They  comprise  only  domestic  animnii  whose  origin  is  still  unknow-n. 

Varieties,  however,  which  have  arisen  from  one  species  may  dillcr 
very  surprisingly  from  one  another ;  in  fact,  they  may  present 
im|)ortant  features  of  difference  than  do  distinct  natural 
An  example  of  this  is  found  in  the  domcsticateil  nice  of 
whose  common  descent  from  Columba  livia  (the  rock 
r>n)  was  shoivn  by  Darwin  to  be  very  probable.  They  are 
tble  of  such  striking  alterations,  that  their  varieties,  known  as 
tumbler  pigeons,  fantail  pigeons,  etc.,  were  held  by  oi-nithologists, 
were  without  knowledge  of  their  origin,  to  be  real  species,  and 
I  even  divided  into  ililFerent  genem. 
In  tlie  natural  stiite,  too,  it  often  happens  that  varieties  cannot 
be  distinguislie*!  from  speiues  by  the  quaUty  of  their  characteristics. 
It  is  customiirv  to  consider  that  the  essential  of  a  chanvcter  is  to  Ihj 
fiKind  in  the  constancy  of  its  occurrence,  and  to  recognise  varieties 
by  the  fact  that  their  characteristics  are  more  variable  than  thot^e 
of  species.  If  forms  which  are  widely  different  can  be  connected 
by  a  continuous  series  of  intormediate  forms,  they  are  held  to  be 
varieties  of  the  same  species.  But  if  such  intermediate  forms  are 
abMDt,  they  are  held  to  be  distinct  species,  even  when  the  differences 
betwtjen  them  (so  long  as  they  are  const-ant)  ai-e  less. 

Under  such  circumstances  we  can  undei-stand  that  in  the  absence 
of  »  positive  test,  the  individual  judgment  and  the  natural  tact 
of  tlie  obnerver  decides  l)etween  species  and  variety ;  •  and  how  it 
is  that  the  opinions  of  different  ob.servers  have  (hffered  so  widely  in 

•  The  cstablislimcnt  of  the  conception  of  sab-speciea  is  completely  at  VBriancc 
with  the  cotDinua  conception  of  species,  ntid  is  the  most  Btriking  pruof  that 
^ystematists  themselves  recoguizc  that  the  diatinution  lietween  S{x<cie8  and 
•nb-spccieB  ia  ■  rehitire  one. 
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pntcticv.  Thus  rel-ition  haa  been  exceUently  and  thoroughly  dta 
by  Diirwin  and  Htxiker.  As  an  ejcample  of  the  difference  of  op 
on  this  subject,  Niigeli  *  divided  the  Uieraciw  found  in 
into  three  hundred  species,  Fries  into  one  hundred  and  six,  Ka 
into  fifty-two,  while  other  authors  recognise  hiu-dly  more  than  twe 
Niigeli  indeed  says,  "  There  is  no  genus  of  more  than  four  species  cm 
whicli  all  botanists  are  agreed,  and  many  examples  may  be  eitid 
in  which,  since  Linmeus'  time,  the  same  species  have  btsen  repeat 
divided  up  and  re-unit«d." 

We  are  therefore  driven,  in  order  to  determine  tlie  essential  pr^" 
perty  distinguishing  species  and  vainety,  to  consider  the  most  im|»or- 
tant  chaiiicteristio  for  the  conception  of  species, — a  chanvcteri^ 
■which  hns  hardly  ever  been  used  in  practice,  i.e.,  the  community  nf 
descent  and  the  capacity  for  fruitful  iiitt-rbreeding.  This  means  of 
detenninnt  ion,  however,  is  also  insulficient. 

It  is  a  commonly  known  fact  that  aniumls  which  belong  to  difiennt 
species  paii'  wdth  one  another  and  prod\ico  hybrids,  e.y.,  horae  and 
ass,  wolf  and  dog,  fox  and  dog.  Widely  differing  species,  which  an 
placed  ill  different  genera,  have  even  been  known  to  cross  with  ooe 
another,  and  to  produce  progeny,  such  as  the  he-goat  and  sheep,  and 
the  she-goat  and  ibex.  The  hybrids  however  are,  as  a  rule,  sterilfc 
They  are  intei-mediate  forms  with  imperfect  generative  sy.stem,  wit] 
out  the  power  of  propagation ;  and  even  in  those  cases  where  the 
is  a  power  of  reproduction  (such  cases  are  most  frequently  met  witH 
amongst  female  hybrids),  there  is  a  tendency  to  revert  to  th 
paternal  or  maternal  species. 

There  are,  however,  exceptions  to  the  sterility  of  the  hybrid  wliioS 
appear  to  afford  weighty  proof  agtiinst  immutability  of  species.  Tlw 
experiments  in  breeding  between  the  hare  and  rabbit,  made  on  ] 
lai'ge  scale  in  Angoidfime  by  Eoux,  have  shown  that  their  progen 
the  hare-rabbit,  Ls  pei-fectly  fertile.  Half-bred  hj'brids  of  the  rabli 
and  hare  have  lieen  bi-ed,  and  haVe  been  reproducti^•e  through 
generations  of  pure  in-breeding.  In  like  manner  careful  inquirid 
into  the  hybridi-im  of  plants,  &specially  the  investigations  of 
Uerbert.  lend  to  the  conclusion  that  many  hybrids  are  us  perfe 
pKxluctive  among  themselves  as  genuine  specie«. 

In  a  state  of  nature,  too,  hybrids  of  various  kinds  are  fonn 
Such  hybrids  have  freiiuently  t>een  taken  for  independent  fpecifl 
and  have  been  described  as  such  (I'ttrao  inmlhis,  hybrid  of  Tel 

•  C.  NBgeli,  "  Entstehaug  mid  Uegriff  der  naturhiBtorischen  Art,"     Miioid 
1866. 


FEHTILITT   OF   HrBRIBS. 

//iM  and  Tetrao  tetrix;  Abramulopsia  Leucharti,  Bliccopsu 
\orulilug,  aiid  others  are,  according  to  von  Siebold,  liybridR.) 
jrility  of  hybrids  is  not  the  rule  here,  for  a  great  number  of  wild 
mts  have  been  recognised  as  hybrid  species  (Kolreuter,  GHirtner, 
\gfSi — Cirsiurn,  Cytisus,  Rubiu).  Tliis  seems  to  render  it  the  less 
oiblfal  that  amongst  animals  which  have  been  domesticated  by 
kn,  persistent  transitional  forms  can  be  obtained  from  originally 
Ferent  species,  by  gradual  alteration  brought  about  by  cross 
eeding. 

IVUas,  adopting  this  view,  gave  it  aa  his  opinion  that  closely  allied 
9cies,  though  at  tii'st  they  may  refuse  to  breed  together,  or  may 
xluce  sterile  offspring,  will,  after  long  domestication,  produce  fertile 
>geny.  And  in  fact,  it  has  been  shown  to  be  probable  that  some 
our  domestic  animals  have  originated  in  prehistoric  times  as  the 
mit  of  the  unintentional  crossing  of  different  species.  Riitimeyer 
jecially  endeavoured  to  prove  this  mode  of  origin  for  the  domestic 
(Boa  laartis),  which  he  regarded  as  a  new  race  resulting  from  the 
Dsang  of  at  least  two  ancestral  forms  {Boa  primigeniua,  bracJij/ceroa), 
may  be  looked  upon  as  certjiin  that  the  domestic  pig  and  cat,  and 
B  numerous   breeds  of  dogs,  have  originated  from   several  wild 


In  connection  with  the  exceptional  cases  which  have  just  been 
nossed,  we  may  lay  great  stress  upon  the  perfect  reprmluctive 
bilities  of  mongrels,  that  is,  of  the  progeny  produced  by  the 
■ng  of  different  varieties  of  the  same  species ;  though  here  also 
tte*t  with  exceptions.  Disregarding  those  cases  in  which  me- 
il  causes  i-ender  the  interbreeding  of  different  varieties  in.- 
ble,  it  seems,  according  to  tlie  obt^i-vations  of  breeders  whose 
»rd  may  be  depended  upon,  that  certain  varieties  have  difficulty 
crossing  with  one  another  ;  nud  fui-ther  that  certain  forms  which 
ops  been  bred  by  selection  from  a  common  stock  ai-e  altogether  in- 
Ipble  of  fertile  intercoui-se.  The  domestic  cat  introduced  into 
umgiiiiy  from  Europe  has,  according  to  Ilengger,  become  essentially 
Ujretl  in  pi*oc©ss  of  time,  and  has  acquired  a  marked  aversion  to 

t European  ancestral  form.  The  Eui-opean  guinea  pig  does  not 
i  with  the  BriLzUian  form,  from  which  it  is  probably  descended, 
le  Porto-Santo  rabbit,  which  was  exported  from  Europe  to  PorU- 
tnto  near  Madeiiiv  in  the  fifteenth  century,  is  so  much  altered  that 
can  no  longer  breed  with  the  European  race  of  rabbits. 
The  evident  diHicultyof  precisely  defining  the  conception  of  species, 
ence  of  the  existence  of  a  gradual,  almost  uninterrupted  series 
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of  animal  forms,  and  of  the  results  of  ftrtificial  selection,  had  i 
in    the  beginning  of  this  century,    induced    illustriouii  and 
esteemed  naturalists  to  dispute  the  dominant  views  on  the  immn 
bUity  of  species.      In  the  year  1809,  Lamark,  in  his  "  P/iiiotop 
Zoohyiqiie,"  broached  the  theory  of  the  descent  of  sjiecies  from 
another.     He  referred  the  gradual  alterations  in  some  degree  t« 
changing  conditions  of  life,  but  mainly  to  use  and  disuse  of  orgnns. 

Geoflrey  St.  Hilaire,  too,  the  advocate  of  the  idea  of  iini^  (i 
organization  of  all  animals  and  the  opponent  of  Cuvier, 
his  conviction  that  species  had  not  existed  unaltered  from  the 
ginning.  While  agi-eeing  essentially  with  Lomork's  the«:>ry  of 
origin  and  transmutation  of  species,  he  lujcribed  a  le«s  influence 
the  inherent  activity  of  the  organism,  and  believed  that  he  con 
explain  the  alterations  through  the  direct  operation  of  changes  in 
the  environment  (vionde  ambiant). 

The  change   in  the  fundamental   views  of  Gteology  which 
place  at  a  later  period  must  be  a-scribed  to  the  opinions  of  th««a 
investigators.     Lyell  eudeavoui-ed  (Principles  of  Geology)  to  expla 
geological  alterations  by  means  of  the  forces  in  operation  at 
present  day,  working  gradually  and  without  interruption  thron 
extended  periods  of  time,   and   rejected   the  Cuvierian    theory 
mighty  revolutions  and  catastrophes  which  destroyed  all  life.     When 
the  geologists  with  Lyell  had  given  up  the  hypothesis  of  perio 
disturbance  of  the  coui"se  of  natuml  events,  they  were  obliged  t" 
assume  the  continuity  of  organic  life  during  the  suocassive  periodc 
of  the  formation  of  the  earth,  and  to  endeavour  to  account  for  t 
immense  alterations  of  the  organic  world  by  slight  influenceis  i 
ing  gradnally  and  without  inten-uption  throughout  long  periods  ^ 
time.     The   variability  of   species,   the  origin  of  new  species  fr 
previous  ancesti"al  forms  in  the  course  of  ages,  has  l»ec«me,  ; 
ingly,  since  the  time  of  Lyell,  a  necessary  postulate  of  geology 
order  to   explain    niiturally  the   dilVerences  of   animals  and    pla 
in  successive  periods  without   the  supposition  of  repeated   acts 
creation. 


THE    TRANSMUTATION    THEORY,     OR     THEORY    OF    DESCENT,     BAS£D 
THE   PRINCIPLE  OF   NATURAL  SELECTION    (DARWINISM). 

Nevertlieless  a  more  sec\irely  grounded  theory  based  upon  a  fir 
undpoint  was  needed  in  order  to  give  more  force  to    the 
iiuttition    h}'pothesi8    which    had  remained   disregarded ;   and 


by  the  English  naturalist,  Charles  Darwin, 
o  employed  a  mass  of  scientific  material  to  found  a  theoiy  of  the 
origin  and  mntotion  of  specie-s.  ThLs  theory,  which  is  closely  con- 
nected with  the  views  of  Ltimark  and  Geoffroy  and  in  harmony  with 
LyeU's  doctnnee,  ha«  i-eceived  an  almost  univei-sal  recognition,  not 
only  on  account  of  the  simplicity  of  its  principle,  but  also  because  of 
the  objective  and  convincing  way  in  wliich  his  genius  expounded  it. 

Darwin  *  starts  from  the  principle  of  heredity,  a-.-cording  to 
which  the  characteristics  of  jiarents  are  ti-ansmitted  to  their  off- 
spring. But  side  by  side  with  this,  there  is  un  luliiptiition  determined 
by  the  peculiar  conditions  of  nourishment,  a  limited  variability  of 
form,  without  which  individuals  of  like  descent  would  be  identical. 
While  heredity  tends  to  repixxlvice  identical  characteristics,  individual 
variations  iippear  in  the  descendants  of  the  same  species,  and  in  tlm 
«'ay  modifications  arise,  which  in  their  turn  are  submitted  to  the 
l»w  of  heredity.  Cidtivated  plants  and  domestic  animals,  the 
in<lividual  forms  of  wliich  vary  far  more  thiiii  do  tlio.se  hvia}^  in  a 
state  of  nature,  oi-e  especially  disposed  to  altpration  ;  and  capability 
of  dome.sti(«tion  is  in  reality  nothing  else  than  the  Bipability  of  an 
oi^g&niMu   to  sulxirdinate  and  -.nhqA  itself  to  altered  con<litions  of 

Kurishment  and  way  of  life. 
7%«  ao-calle-d  artificial  breediiig,  by  which  man  succeeds  by  judicious 
jApe  in  cultivating  in  plants  :uid  iinimals   definite  properties  cor- 
Pdnding  to  his  requirements,  depends  on  the  iuter:«"tion  of  heredity 
and  individual  Yiiriation  ;  and  it  is  probable  that  the  numerous  races 
of  domestic  animals  were  ui  this  way  bred  ifncmiscimi.sly  by  man,  just 
BB  in  our  own  days  large  uuuiliers  of  new  vai-ieties  are  bred  by  judi- 
dow  choice  of  the  male  and  female  parents.     Similar  processes  are 
also  at  work  in  natural  life,  calling  into  existence  new  alterations 
g      lid  varieties.     Hew  also  we  find  a  selection  which  is  oeca-sioned  by 
^Hlbe  struggle  of  organisms  for  existence,  and  may  be  called  a  natural 
^^^teleclion.     All  plants  and  animals  are  engaged,  (is  DecandoUe  and 
Lyell  had  asserted   ten  years  pre\'iously,  in  a  mutual  struggle  for 
existence  among  themselves  and  with  external  conditions. 

A  plant  has  to  tight  against  circumstances  of  climate,  season,  and 

il ;  and  has  also  to  compete  for  existence  with  other  planti^  which, 

iheu"   supei-abundant    increase,  endanger   the    pos,siIiility    of   its 

irvation.     Plants  ser\'e  as  food   for  animals,  wliicli   tiiemselves 

engaged  in  a  mutual  struggle  with  each  other ;  the  carnivorous 

Oil  the  Origin  of  Species  hy  means  of  Natural  Selection." 

10 
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feeding  very  liirg«<ly  upon  lierbivoi-ous  animalit.  Then  again,  nil  «• 
struggling  to  multiply  in  great  numbers.  Eiich  orgHimiii  prodocei 
far  more  deKcenduiitts  thiin  can  in  general  be  preserved.  Wttli  > 
definite  degi-ee  of  fertility,  a  coiTesponiliug  amount  of  deetructka 
mu.st  tiike  place ;  foi'  in  the  abttenoe  of  the  latter  the  number  of 
iiidividualb  would  so  ino.ren.se  in  geometricH.1  progreenoD  that  no 
loculity  woulil  Niirtiw  for  the  sustenance  of  theii-  progeny.  If.  os 
the  contnuy,  the  pi-otection  aflbi'ded  by  fertility,  isijie.  Kpecial  orgamti- 
tion,  colour,  etc.,  were  removed,  the  species  would  soon  vanish  from 
the  earth.  Amongst  the  complex  conditions  and  interactions  of  lifr 
even  the  most  remotely  cf>nnecte<l  organisms  struggle  with  each  other 
for  exih-tenoe  {e.g.,  the  clover  and  the  mice);  but  the  most  violntt 
strife  in  wiig<>d  In^tween  individuals  of  the  same  species,  wliicli  "^lek 
the  same  food  and  lire  exposed  to  the  same  dangers.  In  this  sirifi;  ii 
necessarily  happens  that  those  individuals  which  are  pluceil  in 
most  favourable  sitmition,  through  their  special  projH?rties.  hare  I 
greatest  cliance  of  maintaining  themselves  and  of  multiplying,  ami, 
in  consequence,  of  reproducing  the  modifications  useful  to  the  i 
and  of  pre.-ierving  them  in  their  descenilants,  or  even  sometimes  i 
inci-easing  them. 

Just  as  in  the  breeding  of  domesticated  animals,  an  artificial  lelee- 
tion  is  made  by  man  to  perjietuate  and  increase  odvantageoitt 
variations;  so  in  the  natural  bivtnling  of  wild  mimals,  in  conse- 
quence of  the  stniggle  for  existence,  a  selection  is  made  by  nati 
which  leads  to  the  preservation  of  modifications  useful  to 
species, 

Since,  however,  the  straggle  for  existence  in  closely  reUited  forna 
must  lie  the  more  violent  the  more  neiu-ly  they  resemble  one  ano 
the  most  divergent  ty|je«  will  have  the  greatest  chance  of  endv 
and  of  pro<lucing  descendants.  Hence  a  divergence  of  cl 
ami  iin  extinction  of  intermediate  forms  is  the  necessary  conseqnen 
Thus  by  the  combination  of  iLseful  propeilies  and  by  the  aocumtl 
tion  of  heretlitaiy  peculiai-itieis,  which  were  primitively  of  little 
portiince,  varieties  gi-adually  arise  which  ever  diverge  mora 
more ;  and  this  is  what  Darwin  sought  to  prove  by  happily  cJio 
examples.  We  can  now  comprehend  why  everything  in  the  organid 
is  directed  towards  one  end,  which  is  to  onsiu*  existence  in 
most  perfect  way.  The  great  aeries  of  p/iniomnui  tohich  could  hit 
only  receire  a  ti^ohgiad  explanation  are  thvn  Itrought  into  oati 
reltUio7i,  arui  can  he  explained  a»  the  iiici>itat>le  regnlt  of  ^eient 
eauMB,  and  their  natural  connection  b  thus  rendered  iutelligibU 
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This  principle  of  natural  selection,  which  is  the  hosts  of  the  Doi*- 
iLnn  theojy,  rests,  on  the  one  hand,  on  the  interaction  of  adaptation 
heredity,  and  on  the  other,  on  the  struggle  for  txi«laici  which 
can  be  shown  to  occur  eveiywhere  in  nature. 

In  its  fundanientfil  idea  the  natui-iil  M.'lection  theory  is  es.sentially 
au  appliciitiou  of  the  doctrine  of  Malthus  to  plants  and  animals. 
"De\-elope<l  simultaneously  by  Djirwin  and  Wallace, '^^  it  received  from 
the  former  u  most  comprehensdve  scientific  foimdation. 

We  must  certainly  adjnit  that  Darwin's  selection  theoiy,  although 
supported  by  what  we  know  of  biologiail  processes  and  of  the  opera- 
tion of  the  laws  of  nature,  is  veiy  far  from  discovering  the  final 
cau5««  and  physicsil  connection  of  the  phenomena  of  tvdaptation  and 
heredity,  since  it  Ls  unuKle  to  e.vplain  why  such  or  such  a  variation 
tioulil  appear  as  the  necessaiy  consequence  of  a  change  in  the  vital 
aditions,  and  how  it  is  that  the  manifold  and  wonderful  phenomena 
of  hereility  are  a  function  of  organised  matter. 

It  i.s  clearly  a  great  exaggeration  when  enthusiastic  suppoi-ters  of 
lie  Dnrtvinian  theory  t  .say  that  it  itinks  as  equal  to  the  gravitation 
beory  of  Newton,  because  "it  is  foun<led  upon  a  single  law,  a 
jle  etlective  cause,  namely,  upon  the  iutei-action  of  adaptation  and 
jMiydity."  They  overlook  the  fact  that  we  have  here  only  to  do 
ith  the  proof  of  a  mechanical  and  causal  connection  between  series 
biological  phenomena,  and  not  in  the  remotest  degi'ee  with  a 
physical  expliuiation.  Even  if  we  are  justified  in  connecting  the 
phenomena  of  adaptation  with  the  pitx^esses  of  nourishment,  and  in 
conceiving  heretlity  as  a  ])hysiologi«il  functiou  of  the  organism,  we 
ctill  stand  and  regard  these  phenomena  as  "  the  savage  who  sees 
a  .-liip  for  the  tii-st  time."  While  the  complicated  phenomena  of 
Jieredity  J  remain  completely  uniatelligilile,  we  are  only  in  a  position 
to  e.xplain  in  general  terms  certnin  nimlitications  of  organs,  on 
physical  grounds,  l)y  the  altered  conditions  of  metabolism.  It  is  only 
nuvly — lis  in  the  case  of  the  ofjeratiim  of  use  and  disuse — that  we 
are  able  more  directly  to  relate  the  development  or  the  atrophy  of 
rgans  to  the  increase  or  decrease  in  their  nutritive  activity,  t.«., 
I  give  a  chemico-physical  e.vplanation. 
Darwin  has  been  unjustly  reproached  with  having  left  chance  to 

('■imiiare  also  .4.  R.  Wiillaoc,  "  I'ontribuliona  to  the  Theory  of  Natural 
election." 

t  C<<m|>are  E.    Hneckel,    "  Natiirliche  Scliripfungageachichte.       4.  Aullnge. 
eriiii.  1S73. 

It  U  clearly  a  mJBuso  of  the  word  "  Law"  to  represent  ihr   nuiceroos 
'  illy  upi^Kpscd  nnd  limiting  pheuomena  nf  herudity  as  »■  many  ''  laws  of 
lily,"  II*  K.  Hnci-kcl  diica, 
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play  a  considerable  part-  in  his  attempt  to  account  for  the  origin  I 
varieties,  with  having  accounted  for  everything  by  the  struggle  I 
existence,  and  with  ha\'ing  given  too  little  proinin«»nce  to  the  i 
influence   of    physical   action   on    the   mutation   of    forms. 
i*j)roach   seems   to  arise   from   a  nmapprehensiou.      Dai-wia  a! 
liimK'lf  that  the  expression  "  chiinfc,"  which  he  often  uses  to  ex 
the  presence  of  any  small  alteration,  is  a  totally  incorrect  expreKaon, 
and  is  only  used  to  express  our  complete  ignorance  of  the  phyaod 
reasons  for  such  particular  variation. 

If  Darwin  ha-*  by  a  series  of  consideration!'  arrived  at  the  oondo- 
sion  that  the  conditions  of  life,  such  as  climate,  nourifJiment, 
exeixtise  but  a  small  direct  influence  upon  variability,  since,  fw  H 
stivnce,  the  same  varieties  have  aiisen  under  the  most  diflTertirt 
conditions,  and  ilitt'erent  varieties  under  the  same  conditions,  «iid_ 
that  the  complex  adaptation  of  organism  to  organism  cannot 
produced  by  such  influences,  still  he  recognises  in  the  altomtion  ( 
the  vital  conditions  and  the  mode  of  nourishment  the  primaiy  <an 
of  slight  moditications  of  structure.  But  it  is  only  natural  «tl«i 
which  ticcii.mvlates  (Aose  aiteration^,  so  that  thty  become  apprteiiiMti 
xui  and  constitute  a  variation  which  is  evident  to  our  senses.  It 
exiu'tly  upon  the  intinnitc  connection  of  direct  jihysical  action  Mill 
the  conswjuences  of  natural  selection  that  the  sti-ength  of  the 
winian  theory  rests. 

Tlie  origin  of  varieties  and  ni<v.s  would  ajiiMiir,  however,  to  con 
tute  only  the  tii-st  stage  in  the  pi-ocesses  of  the  continual  cliangen  ( 
organisms.  However  slowly  the  piticess  of  selection  may  work, 
there  is  no  limit  to  the  extent  nud  magnitude  of  the  changes,  or  ( 
the  endless  combinations  of  reciprocal  adaptations  of  living  beings  \ 
we  allow  a  very  long  period  of  time  for  its  operation.  With 
aid  of  this  new  factor  of  dunition  of  time,  whicli.  nccoi-ding  t.o 
logicjil  facts,  cannot  be  rejected,  but  stands  to  an  unlimited  extent  ( 
our  service,  the  gap  between  variety  and  species  disappears, 
the  former  are  continually  diverging  with  the  lapse  of  lime — and  ' 
more  they  do  so  and  l)ec«me  diifM-eiitint^l  in  their  organization 
the  better  will  they  be  fitted  to  fill  different  places  in  the  ( 
Tfomy  of  nature  and  to  increase  in  number— they  at  length  attain  i 
value  of  species,  which  in  a  state  of  natiu-e  dn  not  interbreed,  or, 
any  rate,  only  exceptionally  produce  progeny.  Thu«,  acconling  i 
•"in,  a  varii'tif  is  a  sprcies  in  proce.s»  itf  furmiUiim.  Variety  al 
arc  cnnnix'ted  by  continuous  series  of  transitions,  and  aj-e 
ily  distinct  from  one  another;  but  are  only  relatively  scpamt 
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the  amount  of  dlH'ei'ence  in  their  morphological  und  physiological 
eristics, 
is  couelusion  of  Darwin's,  which  extendi  the  result  of  natural 
ion  from  the  production  of  variety  to  that  of  species,  is  ob- 
tely  and  often  bitterly  opposed  by  those  who  aulx)rdinate  the 
'nomenii  of  natiu-e  U>  trailitioual  iilesis. 
lEven  if  thej-  do  not  deny  the  facts  of  vuriiibility,  and  even  admit 
influence  of  natural  selection  on  the  foi-mation  of  natural  viirietieis, 
>y  yet  continue  true  to  the  lielief  tliat  there  is  an  absolute  sepora- 
iween  species  and  race-variety.     As  a  matter  of  fact,  however, 
nut  in  a  position  to  draw  such  a  line  of  sepai-ation.     Neither 
quality  of  the  distinctive  characteristics  nor  the  results  of  cross- 
ford   us  a  distinctive  criterion   between   species   and   variety. 
,,  however,  that  ive  «/•<;  not  able  to  give  any  aatisfaclory  dtfini- 
of  tht-  coiteeplion  of  species,  preciseti/  (mcdiige  we  are  uiMble  clearly 
'nijni«h  luiiween  itjKcir*  ajid  wiri'ety,  addii  so  much  the  more 
to  Darwin's  argument,  since   neither  the  variability  of  the 
oiytniisro  and  the  stiTiggle  for  existence  nor  the  great  antiijuity  of 
upon  the  globe  can  be  contested. 

vai-iability  of  fonus  is  a  tirmly  estabUshed  fact ;  so,  too,  is  the 
for  existence.  Now  if  we  add  the  operations  of  natui-al 
in  to  these  two  factors,  we  are  able  to  understand  the  origin 
of  varieties.  If  we  imagine  the  same  process  which  has  le<l  to  the 
formation  of  varieties  continue<l  tluDugh  a  greatei-  numbei'  of  genera- 
tions and  eflective  through  a  longer  period  of  time — and  we  are  the 
more  justified  in  making  use  of  the,se  long  periixls  of  time,  since 
with  theii-  help  asti-onomy  and  geologj*  have  been  enabled  to  explain 
many  phenomena — the  diverging  cbamcteristics  will  become  more  and 
more  marked,  and  will  at  liust  gain  the  value  of  distinctive  species- 
charBCters. 

In  still  greater  periods  of  time  the  species  will  become  so  far 
aeporatod  from  one  another  by  the  simulUineuus  disappeai-ance  of 
the  intermediate  forms  that  they  will  l•ep^e^eIll  diH'eivnt  geneni. 
Aeoonlingly  the  greater  ditlerences  of  org>uiiy.)ition  which  ai-e  ex- 
pressed in  the  higher  divisions  of  the  system,  suc^  as  orders  and 
Bob-orders,  etc.,  require  a  longer  interval  of  time  for  their  accom- 
plishment, and  an  extinction  of  a  gi-eater  number  of  iut«rmediate 
forms.  Fimtlly,  the  ditl'ei'eut  ancestral  forms  of  the  ckfujas  of  a 
group  may  l)e  I'efeiTed  to  a  common  starting-point ;  and  since  the 
[iilVerent  groups  of  auiuuils  ai-e  wmnected  by  many  iutermediiite  forms, 
the  namber  of  the  ancestral  forms  becomes  much  reduced. 
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The  undifferentiated  contnictile  substjince,  sarcode  or  protoptaaBi'^ 
WBs  probably  the  sturting-jjoint  of  all  organic  life.  I 

If  these  suppositions  iire  ctJireot,  species  no  longer  retain  the  ognifil 
cation  of  itulejtendent  aiui  immutnbk  utiita,  and  iippeiir,  iicccvrdinr '» 
the  great  law  of  evolution,  only  as  transient  groups  of  forms,  csipatik. 
of  chauge,  and  contined  to  longer  or  shorteT  periods  of  time,  to  d^niM 
conditions  of  Ufe,  and  piv*ierviug,  as  long  as  these  conditions  do  nofl 
vai-y,  n  WMtancy  in  their  esgeiUifU  cfiaracterg.    The  diflerent  c»t«^riM 
of  the  system  show  the  closer  or  more  remote  degree  of  relationship] 
and  the  system  is  the  ex|)ress{ou  of  genealogioil  relationship  fouudffl 
tipou  descent.     All  systems,  however,  must  be  imperfect  and  full  cfl 
gaps,  since  the  extinct  ancestoni  of  organisms  living  at  tlie  pree«iil| 
time  can  only  lie  verj-  imperfectly  supplied  by  the  gi>olopicnl  record; 
niimei-ous  intermediate  forms  are  wanting  and  finally  no  tiaces  of 
organic  renuiins  from  the  most  ancient  periods  are  preserved. 

Only  the  ultimate  twigs  of  the  eni>i-mously  nimitied  ancestral  tr»j 
are  accessible  to  us  in  suthcient  number.  Only  the  extreme  jminti 
of  the  twigs  are  completely  presei-\-ed  ;  while  of  the  numerou-s 
fications  of  the  lunnchus  only  the  existence  of  a  stump  here  lu 
there  has  been  demonstiiited.  Hence  it  appears  quite  iraf>o6sible,  ifl 
the  pre.sent  stnte  of  our  knowledge,  to  attain  to  a  sufficiently  sun 
representation  of  this  natuiul  genefllogical  tree  of  orgsinisms  ; 
while  we  admire  the  bold  speculations  of  E.  liaeckel's  geutwlogica 
attempts,  it  must  to  admitted  that  at  pi-eisent  there  is  room  fa 
innumerable  jjossiliilities  in  detail,  and  that  subjective  judgme 
holds  a  more  conspicuous  place  than  objective  certainty  of  f» 
Hence  we  must  be  contented  for  the  present  with  an  i' 
and  more  or  less  artiticiiil  jin^angement ;  although  the  coi: 
the  nntiirul  syalem  theoretically  is  established. 

When  the  fundamental  arguments  of  the  D»r\riniau  theoi^ 
selection  and  the  transmutation  theory  fo\m<lpd  upon  it  aresubniitt« 
to  criticism,  it  Is  soon  apparent  that  dii-ect  pixxjf  by  investigatia 
is  now,  and  perhaps  always  will  be.  impossible:  for  the  theoiy 
foundeil  upon  postulates  whieli  Liiunot  be  sulduitted  to  direct  inquir 
Periods  of  time  which  cannot  be  brought  within  the  limits  of  huma 
obsei-vation  are  required  for  the  alteration  of  forms  under  natur 
conditions  of  life  ;  and  the  extremely  complicated  interactions,  whid 
in  tlie  nattn-al  state  \mdoi'  the  form  of  mitiu-iil  selection  are  tend 
to  change  plimts  and  animals,  can  only  lie  grasi>ed  in  a  general  i 
while  in  theu*  details  they  lire  prartically  unknown  to  us. 

Further,  pknts  and  animals  which    are  under  the  influence 
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Mbml  telectioa  are  entirely  inaocestdble  to  the  experiments  of  man, 
ad  the  reUtively  few  forms  which  man  has,  in  a  greater  or  lees 
H»(«(rf  time,  brtmght  completely  within  his  power,  have  been  and 
«n  bong  altered  and  moililied  by  the  s.><»lled  artificiai  selection. 
IW  Mtion  of  the  natural  selection,  in  Darwin's  sense,  ia  therefore 
it  pnend  inoipable  of  direct  pixx>f,  and  even  for  the  orii^in  of 
tHidi»  am  only  be  illustrated  and  rendered  probable  by  hypothe- 
tial  oamples.  Against  this  we  must,  however,  set  the  fnct  that 
(lien  is  a  great  probability  in  favour  of  the  correctness  of  the 
tkraiat  of  descent  and  tmmimut.ition  of  .speeiecs,  which  have  never 
ncfired  better  support  tlian  from  the  natund  selection  theory  of 
Dkrcin;  and  tlint  this  probabiUty  i«  supported,  not  only  by  the 
vhdc  weight  of  morphologii-al  evidence,  but  aLso  by  the  te^mony 
(4  Rilanntology  and  of  geographical  distribution. 

EVIDENCE   IS    FiVOUK   OF  THE  THEOBY   OF  DESCENT. 

If  the  tnuwrnutHtion  of  species  is  to  be  regarded  as  an  hypothesis, 
Womae  it  is  incapable  of  being  demonstrated  by  direct  observation, 
tin  it*  value  depends  upon  its  correspondence  with  the  facts  and 
L   phmimena  of  nature. 

^^1    Endence  &om  Morphology. — The  whole  of  Morj)holo(fif  tends  to 

H^gMbf  mrectiMBB  of  the  theory  of  transmutation  of  species.     The 

HPpPKf  nKmblsBOB  between  .■>pecies  which  wu.s  for  a  long  time 

I      opnmd  by  the  metajihorical  term  "  rdnlkmnhip,"  and  which  rested 

ipoii  an  agreement  in  more  or  lesi»  impoi-ttnt  ehn,nu.>teiT»tica,  led 

Id  tiiea>tabhshment  of  systematic  group.s,  of  which  the  highest,  the 

bgdooi  or  type,  wiis  founded  upon  a  similarity  in  the  most  general 

*ton»of  organization  and  development.  The  agreement  of  numerous 

'BUuk  in  tlie  general  plan  of  tlieir  orgimizulioti,  e.y.,  the  common 

pniuaion  by  fishe.'S,  reptiles,  birds,  and  mammnls  of  ii  rigid  column 

{vguQg  the  axis  of  the  botly,  and  the  dorsal  position  in  i-egurd  to 

tiiu  of  the  central  nervous  system  and  the  ventral  position  of  the 

•"Jtos  of  nourishment  and  i-epixidnction,  ai-e  veiy  well  exphiined, 

I     »«or(ling  to  the  theories  of  selection  and  descent,  by  the  dorivntion  of 

HmI  Vertebrates  from  a  common  ancestor  possessing  the  cliuracteriHtics 

^Byhtype,  while  the  supposition  of  a  plan  of  the  Creator  renounces 

^H|^^I<u>ation.     In    like    manner  is   explaineil    that    .>iimiliirity  of 

^iMictwistics  by  which  the  remaining  groups  and  sub-groups,  from 

''•••to  gennsi,  are  di^rtinguished,  as  well  as  the  p>ssibillty  of  dividing 

lllotsauixed  beings  into  groups  .subordinated  the  one  to  the  other. 


•-•.•v. -,i'--j-r.-- -ur  "7 -_:«■  -_:»- C7    c   atsKaE.     Ti»t  rhiectcr  r-CTirB*  »ii 
-"f ..'r/*- I'j*    y    v.i;::!;.    **-4  •^-  ■  r:i.     •»!»rT-ti«a.   aciaits^T    hUtL 
<   ■'-■  ti-y.)fi    i^;  -txi'a---.  !.•  b  rs^Lj:  x  '.jr-  cssttsmas'tsiar.  a.  cooat 
■.■■'  ■  .v-     -'  :.\:ijrfrf..-  T^»~  •»•••■■•*  Jit  "Hi  ";»->a.  "wirsMti  ii  ~^* 

>■/•>•".•   *..-..!  i.v  x'^iz.  '.c_7  r-^r— -^"r--:  "tn-  -j--  p.*  --i-tr* 
.■     •    ■  ."     '■•'-•7    -7>r-':_i*j:    liii^icirr^.    ;■;::   iji*:    iiiir   ~ 

■/!■.-.:•■  !  ■::  'Z.',".:.'.  J  ■r-.  rT.-. — rr  -i-r  TTjrarTS*  ;t  ■i*  exscnniK 
'/-•  -.-.^  -..•>,.-.  -.^  Vi-.-.--.-r«».  tt  ±:. L  :^  <-c  ;t  Ktkierabie  didcr- 
•rr..'---'  ■i-,.-.-.*-..v.i-.  v.".  •i-r<-i  --T  :;•■  :^:r^::i.-i«iii-*  f;c=j-  ia  tb«  rtfioH 
/.••-■._>  •..•,.',•.  ,;,  4.1  -r.-ry  i.--  V-il:  ~j>:--  i  -xslzj.-—  tjpie  of  «aiw- 
•..;=:  7:.-  •.;•:>:  i.-  f..:.:  vrT;.-  Tir::--l7  =.;«=ie«i  *c.-i  mon  or 
.<:'-■  .."-  :-:.:.^--:t:,  .:.  ^^--.i.  -rixi-iiry.-  *.— :~j.  -«> '••~*' f  ''•'•  rL«' liiffocot 
r..'..'.-. •,.-.-  ...-..':.'.  •..'.^  '..-iv.:. ;.-.-  -...  f-Irl  iii  *Ki:r::i:£  V-  tL-r <»i^iMies 
'-^  ■.•'■  ;.■./>;  ',;  ,;•'■  V.  v.f.y-;.  n-j:':.  .T«r<.-1'~  >  ^-b;•i^r«d.  In  tltetincf 
*;.«:  '.:.■■:.'■.  .;.  '.:.'■.  ■*-.';.;/  /■.•  th.-  V.-iri.  in  tLr  iitrtior  limb  »rf  the 
'/■;;»/!/■,;>•';,  :-.;.'l  ;n  'h'-  r.-iic^izi  anti  it  .siE.  t*  s&>wn  -hat  there  are 

f/f«*o<!;.'.    •/.';   -iiH.'r    UjT.'r:,  hrrt    shon    a:.i  WSJ  ilid  il&mOTCAblv  COB- 

t,i-/^A-/i.  »./;i-i»-  i:,',i,j.»av-i  Jiti'l  j'.'irjt»-i  ill  dirfrrect  wavs  to  allow  tt 
i/,iii-f/,i,'i'tr,i{  iii'tvt-it.trtr.-.  wyiii'rtiir.'-  wi-.h  rvvrv  jurt  f u'lv devek^ted, 

w/i;j<-'i/i.i iir.[iiiti<-<]  in  oij<r  whv  dt  jin-.-itrr.  an-i  partly  or  entiielT 

»ii'lii/.<-/.';>/y. 

Evid«nc«  from  the  facts  of  Dimorphism  and  Polymorphisn.— 
'/'ti<!  |/tii:ri'/i(i<'ii;i  •<♦'  <liirioi-p)ji-!iii  and  jxiilvinoi-phLim  in  the  same 
.■.(.<yii-. ,  ;iii<l  i.)i<!  .w-xual  ihiVirnriicfri  wliich  liave  heen  de^'eloped  in 
ariiffiitl'.  <.j-i(»iii;illy  li<-nii;ij)hrfxlit«;,  may  }>e  ijui.itcd  as  important  evi- 
)\i-tiri:  i,(  iJii:  i'Xt<:ii-ivf!  influence  of  adaptation. 

.Mal<r  iiiiil  f<-iiiai<-  JVii-iiis  'lilfor  not  only  in  the  fact  that  the  former 
|ii<i<|iici-  '  |iiTifiat.<i/.<ia  and  th(f  latter  ova,  but  they  exhibit  numerous 
iic<-<iti<la ry  .■■.cxiial  cliaractf-ristirs  (•rmiit.-cted  with  the  different  func- 
l.ioii,-.  whicli  tin-  nial<!  and  ft-nialo  re.s[iectively  have  to  perform.  The 
i-x'v:ti-iiri-  of  ).hf"i<!  s<-<-oiidary  clianicteristies  can  in  all  cai<es>  be 
MiiiiKl'iu'lorily  i-xplaiiicd  l)y  means  of  natural  selection.  We  may 
(.hriffoii-,  ill  a  rcrl.aiii  winsc,  h])e:ik  of  a  sexual  selection "■••'  by  means 
of  whicli  tin-  two  si'xcs  liuv<!  lit-en,  in  cours*;  of  time,  gradually  sepa- 
raUHl  froiri  one  unotli<T,  not  only  in  peculiarities  of  form  and  organiza- 

*  <'li.   Ihirwiii.  "Tin:  I)r«'ciit.  of  Man,  and.  ScIiT'tioii    hi  Itolation  to  .Sox,'' 
Viil,  I.  iukI  II.     I.<iii<li>ii   1K71. 
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[but  also  in  habits  of  life,  in  snch  a  way  as  to  favour  the 

ation  of  the  i-ac*.     Since  tlie  m:ile  sex  genemlly  has  to  take 

active  piu-t  in  the  nets  of  copulution  and  fertiliaitiou  it  is 

iprehensible  that  the  mule  form  shoulil  ditter  more  from  the  young 

the    female  which    supplies    uuiterial   for   the    formation    iind 

aent  of   the  embryo   iind  is  charged  with   the  care  of   the 

Very  frequently  the  mole  »ex  is  capable  of  cuiicker  and 

> facile  movements;   in  many  Insects  the  male  alone  has  the 

power  of  flight,  while  the  female  remains  without  wings  (fig.  97). 

t^k  the  stiife  which  the  males  of  similiir  species  have  t<"'  wage  for 

HBe   possession   of   the   fenuiles,  those   individuals   which  are  moat 

favoui-ed  by  their  organiziition  (in  respect  of  strength,  cap»ibility  for 

tioD,  prehensile  organs,  besiuty.  organs  for  production  of  sound, 

.)  will  prove  the  conquerors  ;  while  those  females  whidi  possess 

Dperties  especially  favourable  to  the  prosperity  of  the  offspring  will 

fulfil  theii-  tjihk. 

the  same  time  variations  in  the  dmntion  of  development,  in 
mode  of  growth  and  structure,  may  in  a  more  passive  way  he 
Me  under  the  special  conditions  of  life  of  the  species.     Tlie 
ad&ry  sexual  cJtaractern  may  sometime-s  acqiiii'e  such  imjMirtance 
OB  to  lead  to  essential   and  deeply  engiiiined   moditicution  of   the 
arg&iiism,  and  to  a  true  sexual  dimorphism  (males  of  Jfoti/era  with  no 
digestive  IuIk-,  dwarfed  males  of  liuiidlia,  Trichusoinuui.  cr(issicautla). 
It  is  a  significant  fact  that  dimoi-pliism  of  sex  reaches  its  highest 
ne  in  parasites.     In  many  pamsitic  Crustacea  (Hyip/imwstouia) 
extreme  cases,  in  wliich  the  hirge  shapeless  females  have  lost 
be  organs  of  sense  and  locomotion,  and  even  segmental tion,  while 
^^ns  malee  are  small  and  dwiu-fed,  lu-e  connected  by  numerous  inter- 
^Bbdiate  forms;  and  the  circmnstances  which  have  operated  as  the 
onuse  of  this  sexxial  dimorphism  ai-e  not  far  to  seek.     The  influence 
of  favourable  conditions  of  nourishment  which  pai-asites  enjoy  does 
aw&y  with  the  necessity  of  rapid  and  frequent  locomotion,  increases 
in  the  female  the  caiwcity  of  p:-oducing  ri'[iivHluctive  material,  and 
brings  about  such  an  altenition  of  form  that  (he  pinver  of  locomotion 
is  diniiaished  and  the  organs  of  movement  atrophy  and  may  com- 
pletely vanish.     The  Ixxly  acquires  an  unwieldy,  shapeless  chanu-ter 
in  consequence  of  the  enormous  size  of  the  ovarj'  which  is  tilled  with 
Hngs,  and  throws  out  outgrowths  and  processes  into  which  the  ovaries 
^toject,  or  else  acquires  nn  unsymmetricnl  saclike  fonn.     The  seg- 
meutAtion  is  lost  and   the  limbs  degenerate ;  the  slender  movoible 
omen  which,  when  the  animal  was  free-swimming,  was  an  essen- 
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tiul  aid  to  locoinotitiii,  it-  rtnlucetl  mort-  and  more  till  it  bfloaaiM  •1 
short,  unsegnientPil  stump.     Tlie  nppenrance  of  such  a  piwnsite  i»lo 
stmnge  that  one  can  easily  coniptflipiid  how  it  was  that   foriUf-rlT 
one  of  these  abnoi-raal  groups,  the  Li^nunr,  was  pliweil  ainnne  ''>' 
endoparasitic  Wormn,  or  even  among  the  Mollusca. 

The  more  the  female  remains  belilnd  the  type  of  its  funy-develop«l, 
free-li\'ing  allie^t,  so  much  tlie  more  do  the  two  sexes  become  morpho- 
logicsiUy  remote  from  one  another,  for  the  form  and  organiration  o( 
the  male  also  are  affected  by  the  changed  conditions  of  life,  but  in 
a  different  manner.*  lu  the  male  sex  the  moi-p  favoumble  and 
abundant  nourishment  may  not  affect  the  necessity  of  locomotion 
and  the  development  of  the  locomotive  organ.s  in  so  direct  a  mann«T, 
since  the  sexual  acti\nty  of  the  mule  and  the  necessity  for  lix"omoti(« 
in  order  to  select  a  female  renuiin  unaltered.  Even  when  lixvimo- 
tion  is  reduced  and  rendered  dilKrult,  pai-asitism  does  not,  in  the  case 
of  the  male,  lead  either  to  a  complete  loss  of  segmetttation  or  to  sodi 
uns^-mnietrical  growths  as  we  olwerve  in  miiny  female  juirasitic  Cni»- 
tacea.  The  large  <:|uantity  of  generative  material  produced,  which 
in  the  female  is  of  the  greatest  importance  for  the  preservation  of 
the  species,  ami  which  therefore  favoui>  the  development  of  n  ! 
shapelttss,  unwieldy  Ixxly,  is  the  less  conspicuous  in  the  imile  !•.■ 
a  veiy  Bmall  quantity  of  sperm  serves  for  the  fertilization  of  ah 
enormous  number  of  ova. 

Thus,  then,  the  e.xtit«me  degree  of  parasitism  in  the  male,  «v«i 
■when  accompanieil  Ijy  a  confined  and  more  ci'eeping  mode  of  loco- 
motion, does  not  lead  to  an  e.xcessive  increase  in  size  nor  produ 
an  unsegmente<i  and  stntnge  form  of  borly,  but,  on  the  cant 
gives  rise  to  the  symmetrically  formed,  dwai-fwl  pigmniin 
This  extreme  state  is,  however,  connected  with  the  normal  $tal»  I 
numerous  intermediate  steps.  Tims  we  find  in  the  LerntcopMls  tb 
the  si/*  of  the  mule  Actliereg  is  only  slightly  reihic«^l.  wliile  the  tr 
dwarfed  males  of  the  L'^rnfvjwJit  and  ( 'ItomlrnrMnthidtr  are  attnchfl 
like  small  pirasites  (fig.  98),  to  the  posterior  end  of  the  female  i 
which  is  relatively  enormously  large.  Tlie  pi-eparntion  "f  a 
amount  of  sperm  which  implies  the  possession  of  a  large  Ixxly, 
only  be  a  aseless  expenditure  of  material  and  time  in  the  life  of 
species,  and  this  must  have  1)een  avoideil  by  the  intluencei  of 
selection. 

In  addition  to  this  sexual  dimorphism  we  find  in  various  gna 

of  animals — especially  in  the  insects  which  live  together  in  gw** 

•  Coni|>Are  C.  Clau*,  "  Die  {reilebcndeD  fopopoden."     Id68, 
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the  so-caUed  animnl  communities — ii  tiiird  ^onp  of  indi- 
(Bometimes  even  divided  into  sevend  series  of  forms)  which 
I  witbout  generative  organs  iind  are  incapible  of  reproduction,  but 
Mssume  the  functions  of  protecting,  of  providing  nourish- 
for  tlie  community,  aud  of  curing  for  the  young.  Adaptive 
aliaxities  suitable  foi'  the  discharge  of  the.se  functions  are 
nt  in  tlieir  structure  and  organization.  These  stei-ile  indivi- 
iire  in  the  l/i/menop/>'ivi  aborted  females.  Among  the  tints 
are  divided  into  workei-s  and  soldiers.  Amongst  the  Termite* 
are  derived  from  Iwth  males  and  females,  in  which  the  genera- 
>  organs  are  reduce<l.  Sterile  individuals  are  also  found  amongst 
iials  (Fishes)  which  do  not  form  conimuniti«t<,  and  were  formerly 
for  particular  species  and  de^icnbed  as  such.  Polymoriihism  is 
highly  developed  in  the  HydroiiLs  which  are  unit«d  in  stocks — - 
Siphonophora. 
iThe  numerous  cutset  of  dimorphism  and  pidymorphism  in  either 
;  of  the  Sfune  species,  should  l>e  regiu'ded  from  the  same  point  of 
Dimorphic  females  among  insects  have  l>een  ii])served,  e.g.,  in 
B.iayiLn  l'upUionid(r  (P.  Meninon,  Pamntm,  (frinenim),  in  cer- 
1  species  of  Ili/droponu  and  Dytitais,  as  also  in  the  Xeurotemis,  a 
^enns  of  the  Neuropttrn.  In  these  eases,  as  a  rule,  one  of  the 
female  forms  Ls  more  neai-ly  related  in  form  aud  colour  to  the  male 
whose  peculiarities  it  lias  assumed.  In  other  cases  tlie 
BTerenctis  are  more  connected  with  climate  and  season  (sea-sonal 
dimorphism  of  butterllit's),  and  also  aft'evt  the  male  animal.  They 
may  be  connected  with  the  different  forms  of  reproduction  (parthen- 
ogMWttis),  and  Iwid  to  the  phenomenon  of  heterogamy  {CheriMS 
Pkffioxtra,  Aphis).  Much  mure  nirely  we  find  two  kinds  of  males 
with  dissimilar  seoonilary  sexual  chai-ju-tei-s  connecte<I  with  copula- 
tion, as  in  the  case  of  the  "  smellers''  and  "claspers"*  described  by 
Fritz  Miiller  in  the  Isopoda  {Tanain  dubiita). 

Evidence  from  Mimicry, — Another  series  of  phenomena  which 
may  prolialily  l)c  referred  to  useful  adaptation  is  the  so-called 
mimicry.  Certain  animal  forms  come  to  resemble  other  widely- 
distributed  species,  which  are  protected  by  any  peculiarity  of 
form  and  colour,  so  closely  that  they  seem  to  have  copied  them. 
The  cases  of  mimicry  which  have  been  principally  made  known  by 
Batee  and  Wallace  are  directly  connected  with  the  j)roteotive 
roKiniblances  mentioned  above:  that  is,  the  I'esemblance  of  many 
nnimula  in  colouf  and  body  shape  to  the  objects  amongst  which  they 
•  Friti  Mailer,  "  F»cU  for  Darvrin,"  p.  22. 
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live.  For  example,  umuugHt  the  butterflies  certain  I^ptalidit  i 
in  outwunl  uppeiirance  and  in  mode  of  flight  ii  speciet<  of  the  fa 
//diconius  (tig.  116),  which  ivppeai-s  to  be  protected  from  the  pun 
of  birds  and  liziirds  by  a.  yellow  disapi-eeable- smelling  fluid, 
sliare  the  same  locality  with  the  above-mentioned  species, 
most  perfect  instances  of  mimicry  are  found  in  the  Tropics  of ' 
Old  World,  where  the  Danaidee  and  Acrieidii!  are  imitated  by 
Papilionidie  (/Janaig  niiivius,  Papilio  hipyocoon — Danai*  «eA»n«, 
PapUio  oerua — Acrcea  gea,  Panopcea  hiree).  Cases  of  mimicry 
quently  occur  between  insects  of  different  orders ;  butteriliet;  imin 
the  form  of  Hymenoptera,  which  are  protected  by  the  pos^saauoD  irf 
spines  {Segia  boinbyliformi* — Bombus  Itortornm,  etc.)  In  the  t<anie  w»t 

certain  beetles  i-eseinble  iiew 
and  waspe  {Chnrig  melipono, 
Oilontocem  odyn«roul«»),  »ad 
the  Oi-thopteron  geuofi  ('oit- 
dylodvra  Iriooiuii/loidet  fnun 
the  Philippines  is  like  it  genu 
of  ( 'icind^ir  (Tncc7uiyla)f, 
Numerous  Diptera  have 
form  luid  coloui-  of  stin^n 
Spheyi'liK  and  Wasps, 
among  Vertebrates  (£ 
Hud  fiirds)  some  examples 
mimicry  ai-e  known. 

Evidence    from    Rudimen 
tary    Organs.      RudimmiUir^ 
organs,     too,     which     ar*    « 
coiuiDon,  aj"e  satisfnct<irily  i 
pliiinod  by  the  theory  of  seU 
tion    as    the    result    of    no 
emplo^^uent  of  such  organs.     Organs  which  were  formerly  functio 
have  gradually  or  even  suddenly  become  I'unctionless  as  a  result 
adiiptation  to  speoial  conditions  of  life,  and,  through  want  of  exe 
hjive,  after  the  lapse  of  generations,  become  weaker  and  finally  iilxirt* 
or  degiiidwl  (Parasites).    We  cannot,  however,  assert  t  bit  nuliuieuta 
organs  ore  in  all  cases  useless.    They  have,  on  the  contrary,  oft4 
gained  secondary  functions,  though  this  may  be  diHioult  to  demo 
strate. 

We  find,  for  instance,  in  certain  snakes  {Pythonidcf)  that  the 
are  small  processes  ai'med  with  claws  at  the  sides  of  the  anus  j 


Kio.  110.— o,  Luiilalit  nrouiiH,  var.  Lnimie^ 
(Piorls).  6,  IHii'iMiii  lif^stimi  (the  uiimlcked 
HcUcouiiu).    (After  liHtoi.) 
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«iM0t).      llieBe  are  the  hind  limbs  which  have  become  rudimentary, 

■ad  which  do  not  subserve  lixwmotion  but,  in  the  male  at  least,  assist 

in  eoptt/a/ion.     The  blind  worms   possess   a   rudimentary  shoidder 

girdle  and  breast  borne,  although  the  anterior  extremities  are  want- 

iaf :  these  bones  may  be  connected  with  the  need  of  protecting  the 

biHit,  or  may   aid  in  resiriration.     Wlien  we  see  that  the  upper 

iodBDr  teeth  are  developed  in  the  ftetus  of  many  ruminants,  and  that 

Ubk  t«eth  are  never  cut,  and  that  the  embryos  of  the  whalebone 

■hililii  have  the  rudiments  of  teeth  in  their  jaws,  which  they  soon 

lew  and  never  make  use  of  in  mastication,  it  is  much  more  rational 

aaeribe  to  these  structures  a  part,  in  the  growth  of  the  jaw  than  to 

them  for  wholly  useless.    The  rudimentary  wings  of  the  penguin 

employed  Jis  oars,  those  of  the  ostrich  as  aids  to  running  and  i\s 

for  prrrf?ct.ion.     The  rutlimentary  stumps  of  the  kiwi,  on 

tk»  contrary,   appear  valueless.     In  many  ciwes  we  are   not   in   a 

(aition  to  .•iKsign  any  function  or  value  to  rudimentai-y  organs. 

Svidence  from  Embryology. — The  results  of  Kmltri/nlogy  too,  i.e., 

mdivtdiuil  development  from  the  o%'um  to  the  fully  developed 

t  in   complete  agreement   vrith    the   Dnrwininn   thi*ories  of 

and  dii»ceiU.     The  fact  that  the  .animals  belongiog  to  one 

have,  as  a  rule,  embryos  which  are  much  alike  and  undergo  a 

iaiiUr  developmental  process,  and  that  the  claser  the  reliitionship 

Mween  the  adult  forms  the  greater  the  similarity  in  their  dfvclop- 

Btot  (with  some  remarkable  exceptions),  supports  the  conception  of 

leamiiion  ancestry  and  the  hypothesis  of  differing  gi-adntions  of  blood- 

»4ili(jn.>'hip. 

U  the  group^  of  different  value  which  corrpsjvind  to  the  divLsions 
•>i  subdivisions  of  our  cla-ssiiication  are  genetically  derived  fitim 
fcw  or  leas  remote  ancestral  forms,  then  the   individual  develop- 
■tnt  will  present  so  many  the  more  common  features  the  clo.^er  the 
jhrm  stand  to  tbeii'  common  ancestor. 
The  fact  that  animals  which  differ  much  from  one  Hnother  and 
under  very  different  conditions  of  life  show  an  unusual  agree- 
in  their  post-embi-yonie  development  up  to  a  more  or  less  late 
(the  free  Copepo<la,  parasitic  Cnistiurea,  Cirripedia),  is  in  no  wise 
tci  the  theoi-y,  but  may  be  explaiiieil  by  the  influence  which 
ion  has  exerted  not   only  during  the   peiiod   tjf  sexual  life, 
t   alun  during  each  developmental  period,  causing  changes  which 
ve  been  inherited  in  corresponding  periods  of  life. 
The  phenomena  of  mpta.mi>rpliosis  afford  numerous  proofs  of  the 
tmci  that  the  adaptation  of  the  embryonic  form  is  as  complete  a.s 
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tliat  of  the  Htiult ;  and  we  can  thus  tinderstand  how  Lirvit  i)f 
insects  belonging  to  diflerent  ordei-s  can  present  g^«it  it*«iibl 
to  one  another  and  lie  unlike  the  larvae  of  insects  of  the  some  orilii. 
While  lus  a  general  rule  the  development  of  the  individual  i»  a 
advance  from  a  simpler  and  lower  organization  to  one  tnoi'e  compla 
which  has  become  more  perfect  by  a  continued  division  of  labant 
among  its  pai-ts — and  we  shall  later  tind  a  parallel  tu  this  law  U 
perfection  of  the  individual  in  the  great  law  of  progressive  ptrftcUon 
in  the  development  of  groups — yet  the  course  of  development  nuiT, 
in  particular  cases,  leivil  to  numerous  retrogressions,  so  t  hat  we  ni»j 
find  the  adult  animal  to  be  of  lower  organization  than  the  ]urx 
This  phenomenon,  wliich  is  known  as  rctrogressire  m^tamarpiioini 
{('irripedia  and  parasitic  C'nutacea),  corresponds  to  the  demaDd>  "i 
the  selection  theory,  since  under  moi-e  simple  conditions  of  life,  where 
nourishment  is  more  easily  obtained  (puYusitism),  degi-adation  and 
even  the  loss  of  parts  may  l)e  of  advantiige  to  the  organism. 

Again,  the  facts  of  embryonic  development,  when  considered  ia 
relation  to  the  giudations  expressed  in  the  system  are  in  complM 
accord  with  the  theory  of  evolution.  Numerous  examples  may  hf 
cited  to  prove  that  featui-es,  not  only  of  the  simple  and  more 
primitive,  but  also  of  the  more  perfectly  organised  gi-oups  of  th» 
same  type,  are  reflected  in  the  successive  phases  of  fcetjvl  life.  In 
the  case  of  a  complicated  free  development  by  metamorphosis,  which 
is  usually  correlated  with  an  unusual  simplilication  of  the  feeta] 
development  within  the  egg- membranes,  the  relation  of  the  sucoes«in 
lai'\-al  stages  to  the  allied  smaller  gioups  of  the  system,  to  the 
genera,  families  and  orders,  is  more  diiect  and  striking.  For  examplr, 
in  the  early  stages  of  the  embryonic  development  of  mammals  cerbUD 
structures  occur,  wOiich  in  the  lower  fi.shes  cndm-e  throughout  life. 
Later  stages  show  peculLirities  wliich  correspond  to  the  cluii-acters  of 
amphibia.  The  metamorphosis  of  the  frog  begins  with  u  stage  whicb 
in  form  and  lugauiziitiiin  jind  mode  of  locomotion  agrees  with  the  fish 
type ;  and  tliLs  stage  is  succeeded  by  numerous  other  lai-val  stugu 
uj  which  the  chai-a<-tei-s  of  the  other  orders  of  Amphibia  (Perenni- 
brancliiata,  Salamandrinidie)  and  of  imlividiial  families  and  genera  of 
the  sivme  are  repeat-ed. 

This  undeniable  likeness  lietwoen  the  successive  stages  of  individual 
development  and  between  allied  groups  of  the  system  allows  us  to 
institute  a  parallel  between  the  former  and  the  evolution  of  the 
species.  The  evolution  of  the  species  finds,  it  is  true,  a  most  imper- 
fect expre^isiiin  in  the  reliitidii.ship  of  the  systematic  groups,  and  can 
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be   inferred   from  the  history  of  the  past  for   which  palKon- 
'  mttords  us  but  slight  mat«rial. 

||NLnUleI,  which  natumlly  present-s  numerous  greiiter  or  toiialler 
ID  detail,  is  «fxplaiiie<i  by  the  theory  of  evolutii.>n,  according 
tJte  developmmitil  liiatory  of  the  indiridtud  appears  to  be 
\  and  «impl(fied  repctitiim,  or  in  a  certain  tente  a  recapitulation, 
iflktcourte  of  dferlopiiutit  of  the  tpecieg.'- 
Tlw  Liftorinv]  record  (irenerved  in  the  tlevelopmental  history  of 
ti&dividuul  uiust  o{t«u  be  more  or  less  kliirre<l  and  oiKwure  on 
of  \he  mnny  adiiptationi>  which  have  occurred  during  the 
■bmmic  development,  or  during  liirval  life.  Especially  in  thase 
I  where  the  peculi;ir  coudition.s  of  the  struggle  for  existence 
1b  simpliticatiou,  the  development  will  take  a  more  direct  course 
the  ovum  to  the  {)erfect  animal,  will  \m  thi-own  liock  into  an 
■liier  peiioil  of  life,  and  finally  will  Ix;  completed  before  the  animal 
i>  hatched,  uutili  in  absence  of  a  metamurphosL",  the  historical  record 
itoDDipletely  (itippresse<l.  On  the  contrary,  in  the  cases  of  progres- 
•1»  trHa-iforuiatiun  where  the  larval  states  are  gradually  mo<lilied 
ti  lire  under  similar  conditions  of  life,  the  history  of  the  epeciee 
>)UWU*>^  impeifectly  repi-otlucfil  in  tlitit  of  tlu-  individual. 

IlidMioe  from  the  Facts  of  Geographical  Distribution. — Unlike 

A*  facts  of    moi'phology,    thotte   of  geot/raphical  distribution    roiae 

I  gnM  difficulties  for  the  theory  principally  beciiuse  the  phenomena 

'  fsy  (!om plicated  and  our  e.xperienoeH  are  still  too  limited  to  j)ermit 

ti  our  oftahlishing  trenei-al  liiw».     The  present  distribution  of  plants 

Ikj  inimals  over  the  surface  of  the  earth  is  clearly  the  c<.imbined 

wait  of  the  earlier  distribut  ion  of  their  ancestoi"s  and  of  the  geologi- 

al  changeH  wliicli  have  since  taken  place,  the  modilications   in  the 

jtma  and    position  of  land  and  water,  which   must  have  had  an 

I  on  the  fauna  and  flora. 

liugly  the  geogniplii«il  distribution  of  plants  and  animals  \ 
iutiiuately  connected  with  that  piirt  of  geology  which  lias 
lor  its  aim  the  investigation  of  the  most  recent  occurrences  in  the 
lonaation  of  the  earth's  crust  and  itjs  contents.  It  cannot, 
tiwwfuret  be  couHned  to  an  examiiuition  of  the  areas  of  distribution 
id  the  animals  and  plants  of  the  present  day,  but  must  take  cogni- 
tutoe  of  the  distribution  of  the  remains,  enclosed  in  the  most  recent 
fommtaouB,  of  the  nearest  relations  and  ancestors  of  living  forms,  in 


"  Fr.  Mailer,  "  Fiir  Uarwin,"  Lcipzip,  18»;4. 

t  A.  B.  Wallace.  "TheGeriytnphicnl  Uislribution  of  Aiiimnls."  London,  1876. 
P.  L.  Sdater.  "  Address  to  the  Biolotrioal  .Section  of  Uie  Brit.  Asaociation,"  1875. 
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order  to  finJ  «n  historical  explanation  of  the  known  farts  of  distnl 
tion.     Although  in  this  M?n.st)  the  science  of  animtil  geography  is 
in  its  infancy,  yet  numeroui;  and  important  phenomena  of  geogiiipl 
distribution  receive  a.  satiiifivctoiy  explanation  iiceording  to  the  thi 
of  tniusmutation  of  species  on  the  suppoaitiou  of  migrationB 
gradual  chiuiges  brought  alxtut  by  natural  8election. 

It  is  a  most  impoi-tant  fact  that  neither  the  resemblance  uor 
want  of  i-esemblance  of  the  animals  inhabiting  different  loQilitit^ 
can  be  completely  exjjlained  as  the  result  of  climatic  and  physioJ 
conditions.  Closely  allied  species  of  plants  and  animaLs  often  appear 
under  very  different  natuml  conditions,  while  a  completely  diffeitot 
fauna  an<I  flonv  can  exist  in  a  similar  climate  and  on  a  similar  soil 
On  the  other  hand,  the  extent  of  the  difference  between  two  fauoi 
is  closely  connected  with  the  limitations  of  space  and  the  Ijarriers 
and  hinilninces  to  free  migitition.  The  Old  and  New  Worlds.  ^> 
lea\'iiig  out  of  consideiution  the  polai'  connection,  are  compii-i 
(ie])aruted,  have  in  part  a  very  different  fauna  and  flora,  olth' 
with  regiii'd  to  the  climatic  and  physical  conditions  of  existence  thi 
are  iuuumei'able  parallels  which  would  equally  favour  the  pi"osperii 
of  the  some  species. 

In  piu'tioular  if  we  compare  the  districts  of  South  Aineri 
I'egious  situated  in  the  same  latitude  and  possessing  the  same 
in  South  Africa  and  Australia,  we  tind  three  fauna  and  flora  whii 
differ  eousidei-ably.   while   the   natural    productions   from  differed 
latitudes   of    South    America    with    entirely   different    climates   luv 
closely  allied.     Here  the  northern  animals  are  indeed   specili< 
dirt'erent  from  the  southern,  but  l>elong  to  similar  or  neai-ly  all 
geneni  with  the  |)cc»Uiar  st^imp  chanicteristic  of  South  Amerio* 

Zoological  Provinces. — The  surface  of  the  earth  can  be  divided 
into  fium  si.\  to  eight  regions  according  to  the  general  feiiturtb 
the  terrestrial  and  fi-esh-water  fauna.     These  regions  can  indeed  oi 
be  considered  lus  a  relative  expres.sion  for  lari^e  nuturil  tlistrirtv 
distribution,  since  they  cannot  be  applied  to  all  g:roups  of  ani: 
in  the  same  manner,  and  it  is  impossible  that  they  should  differ 
like  degree  and  in  the  same  direction.     Tliere  must  als<j  be  in' 
mediat*-  ix-gions  combining  the  cluiiiicteris-tics  of  the  ueighWv 
regions  with  peculiarities  of  their  own  ;  and  the  question  must 
whether  these  should  not  \»  taken  ;vs  indefiendent  ivgions. 

The  merit   of  having  first  establislieil  a   niituiiil  division  of 
eni'th  into  »»logic3il  regions  and  t-ub-i-egions  belongs  to  8clnt«r 
luituroliht  founded  his  system  on  the  distribution  of  birds,  and 
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Bi'shed   six    regions,   the   limits   of    which    agreed    fairly    well 
ritli  tie  distribution  of    Mamiuulia  and  Reptilia.      These   regions 

(1)  Tht  Palaarctic  /fey m»i— Europe,  the  temperate  part  of  Asia, 
I  yorth  Africa  us  fnr  as  Mouut  Atlas. 

I'J)  Xfarctic  Region — Greenland  and    North   Ameiica   as   far   as 
Mk  Mexico. 

(J)  Thi  Ethiopian  Reyion — Africa,  south  of  Athis,  Madagascar, 
Itiw  MoscHrvnes  with  South  Ai-iibia. 
\})  Tilt  Ituli-tm  litgioji — Indiii  south  of  the  Hinuilayatt,  to  South 

Borneo  and  Java. 
(5)  Tilt   AitJitralitm   Rngion — Celebes   and    Loiubok    en.stwiinl    to 
Auetraliii,  and  the  Soutli  Sea  Islands. 
\<))  n^  Xeotropicai   Region — South  Amerinii,    the    Antilles,   and 
ath  Mexico. 

Other  uutumlisUi  (Huxley)  have  since  shown  that  the  four  first 
regions  have  a  uiufh  grwiter  reseniljlance  to  oim  another 
Tiny  one  of  them  hjis  to  the  Austnilian  or  South  Ameriam 
npms;  that  New  Zealand  is  entitled  by  the  peculiarities  of  its 
(mbii  to  l)e  considered  a.s  forming  a  region  by  itself ;  finally,  that  a, 
omimpoiar  '  province  sliuuJd  bo  formed  equal  in  value  to  the  Pabe- 
•ittic  *ud  Neaivtic. 

Wallace  objects  to  the  establisliment  either  of  a  ^Veio  Zealaml  or  of 
*  (wotmpolar  region,  and  advocates  the  adoption  of  the  six  regions 
'  S-Lit«r  on  pi-actical  grounds,  but  suggestij  the  modification  that 
>«"•-  the  South  American  and  Austiitliau  are  much  more  isolnted, 
tir  rvgiijiiH  should  not  l>e  of  equal  value. 

Ib»**  regions  arelwunded  bj'  extended  sesis,  lofty  mountidn  ranges, 

«rTK»t  >indy  deserts,  and  ob\'iou«ly  such  bounilnries  do  not  constitute 

dfertive  Uirriers  to  the  migration  of  all  iiniuiids,  but  allow  cert-iin 

gnajis  tn  \mss  from  one  region  t/O  another. 

Hie  obtttAcles  to  iuuuigration  and   emigration  appejir  in  cerbiin 

at   all   events   in  the  present  time,  to   be  insumiountable ; 


Andrew  Murray,  on  the  contrary,  in  his  work  on  the  f^ographicnl  di»- 
I  of  M»mmnlm  in  1866,  ilislinjruishe?'  mily  four  ilivisions — the  I'HliKairtic, 
■-Afri''Bn,  th>"  Aiittmlian.  aiid  the  Anierican.  Riitiraeyer  recopiiscs  in  addi- 
ti'  •'  vinces  of  .Vlalir  n  Jlciliterranean  anrl  Circumsolar  province, 

ieliii  of  the  Museum  of  Comparative  Zoology.  Cambridge," 
■  difitiiipiish  eight  regions  in  connection  with  "  the  law  of 
'itioii  of  life  in  zones:" — (I)  Arctic  realm:  (2)  North  Teroper- 
i.ipical  American   realm:   {4)  Indo-Africaii  Tropical  realm; 
picul  .South  American  realm  ;  (H)  Temperate  African  realm  ;  (7)  Ant- 
;  ()<}  Auntralinn  realm. 
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but  in  past  nges,  when  the  iUvisions  of  land  and  water 
ditlerent,  thej*  must  have  been,  for  maur  forms  of  life, 
BurniountJible.  The  ex])i-e6sion  "eentre  of  creation, "  which 
long  been  used  in  the  sense  of  a  tolerably  define<i  dir.trict  of  rlii 
tribution — or  better  still,  Riitimeyer's  word,  "  centre  of  Ji^ti-ibut 
— has  as  a  fundamental  idea  the  endemic  appearance  of  de 
groups  of  tj'jrical  sjieeies  and  their  gi'aduul  extension  -' 
the  boundaries  of  the  said  i-egion,  a  conception  which  hamioiuz^ 
well  with  the  theory  of  the  origin  of  species  through  gmdiul 
altemtions. 

The  same  laws  apply  also  to  the  distribution  of  the  iubiibitante  i 
the  sen.  Great  seug  studded  with  islands  which  sterve  to  confine 
liinil  iinimals  may  favour  tht'  mifrnition  of  mitrine  specie^,  wk 
extended  oontinenti^,  wliich  allow  their  iuhnbitaut.s  to  wander 
over  them,  confine  the  sea  imimiils  within  limits  which  cannot 
passed.  A  gfi-eat  number  of  sea  animals  live  only  in  the  lUutUa 
water  i-ound  the  coast,  and  their  distribution  thus  often  coincid 
with  that  of  the  land  animals ;  whereas  the  animals  found  on  tlif 
oi>poaite  coiists  of  great  continents  m-e  very  different.  For  example, 
the  sea  animals  of  the  east  and  west  coasts  of  Bouth  and  Central 
Ajiierica  diffei-  to  such  a  degive  that,  ^^•itll  the  exception  of  a  series 
(if  fishes,  which,  according  to  Giiuther,  are  found  on  both  Hid(*  of 
the  JtOiimu  of  Panavta,  only  a  few  forms  are  common  to  the  two 
coasts.  In  the  same  way  we  find  tli.»t  the  marine  inhabitnnt»  of 
the  east  insular  district  of  the  Pacific  difier  completely  fj-ora  those  of 
the  west  coast  of  Soutli  America.  If,  however,  we  advance  lo 
west  of  this  pn-t  of  the  Pacific  till  we  come  to  the  oiast  of  Afrid 
in  the  other  hemisphei'p.  we  find  that  the  fauna  of  tliis  exteus.^ 
di.strict  cannot  be  so  sharjily  distinguishwl.  Many  species  of 
are  found  from  the  Pacific-  to  the  Indian  Ocean.  Numerou.s  MoUua 
of  the  South  St'u  Islands  live  also  on  the  east  coast  of  Africa,  almO 
beneath  the  op|)osite  meridinn.  In  this  ca.se  the  limits  of  ilistiib 
tion  are  not  impn.ssablo,  ils  numerous  islands  and  coasts  atToi-il  a  re 
ing  place  to  wandering  inhjibitants  of  the  sea.  In  respect  of 
different  haunts  of  the  inhiihit;ints  of  the  sea,  we  must  miike  a  i 
tinction  between  the  lillornl  auimals.  which  are  distributed  along  tl 
coasts,  and  live  under  different  conditions  and  at  difl'erent  depths  i 
the  bottom  of  the  sea,  and  the  pelagic  animals,  which  swim  on  tt 
surface. 

♦  Compare  Kiitinicyer's  Earay,  "  Uober  die  Herkunft  iui«er«r  Thierwel^ 
Bftsel  uid  Qenf.  1867. 
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But  there  ako  exists,  at  fonsiderable  depths  and  on  the  bottom 

the  sea,  a  rich  and  varie<l  aniiuiil  life.  This  has  only  lately  bivn 
ughl  to  our  knowledge  princijjiilly  by  the  deep-sesi  explonitions 

m  North  Amerioi,  Soiudinavifl,  imd  England.  In  place  of  that 
want  of  aniiual  life  which  we  should  on  it  jrriori  gi-oiinds  exjiect 
to  tiud,  We  see  that  uuniei-oue  lowly  oi'giinise<l  luiiniiils  of  the 
most  different  gronpei  are  able  to  exist  even  at  the  greatest' 
'  ' 'lis.  Besides  the  lowest  sarcode  animals  of  the  Foriiminifeni 
igerina  ooze),  we  find  especially  silicious  sponges,  cei-tnin  tf inils, 
EchinotUrma,  and  Cru«tac«t.'*  The  representatives  of  the  latter 
aiv  in  ptrt  of  low  type,  but  gigantic,  and  many  of  them  blind. 
It  is  hIri  a  fact  of  more  than  ordinary  interest,  as  showing  the 
continuity  of  living  creatures  from  succa-^sive  geological  forma- 
tion.'* up  to  the  present  time,  that  the  deep  sea  animals  are  allieil 
to  ancient  types  which  occur  in  Mesozoic  formations,  especially  in 
ch«lk. 

Evidence  from  Palaeontology. — The  results  of  yeologiad  and 
fnltnmt'ilogical  inquiry  give  us  a  third  great  series  of  facts  in 
support  of  the  theoiy  of  slow  altenitions  of  species  aTid  tlie 
gntdual  development  of  genera,  families,  ordei-s,  etc.  The  fiiui 
cra»t  of  our  earth  Ls  formed  of  numerous  and  enormous  rock 
1,  which  have  been  deposited  in  a  definite  serie.s  by  water  in 
-••  of  time,  and  also  of  the  so-culled  vnlcnnic  or  phitonic  rocks, 
ii.i^^i-s  which  have  been  forcibly  ejected  from  the  molten  interior 
ol  tlie  earth.  Tlie  former  or  sedimentary  dejx&it.s,  which  have  under- 
gone numerous  altenitions  in  the  originally  horizont»il  Jii-ningenient 
of  theii'  strata  us  well  as  in  the  petrographical  (H>n<lit)c>n  of  theii- 
IDck/s,  iTint.iin  a  quantity  of  the  fos-silized   remains  ol  former  plants 

id  animals  which  have  become  buried  in  them,  and  thus  aHni<l  an 
historical  reconl  of  a  rich  fauna  and  floiii  which  existed  during  the 
enrlier  periods  of  the  earth's  development.  Although  thes»?  so-cjillwl 
fO(*ils  have  made  us  acquainte<l  with  a   very  considerable  numl>er  of 

icient  orgiinisms  presenting  great  divei-sitv  of  form,  yet  they  only 

inFtitute  a  very  small  portion  of  the  enoi-mous  quantity  of  living 

beings   which  have    at  all  times   exiRte<l    upon    the  earth.      They 

suffice,  however,  to  teach  us  that  a  diH'erent  fauna  and  floni  existed 

t  the  time  when  each  individual  deposit  was  being  formed,  and  that 


Compare'  Wvville  Tliomson.  "  The  depths  of  the  sea.    An  account  of  the 
eneral  results  of  the  ilre<lging  cnii/.cs  of  the  PoTcvpine  and  Lii/htniiit/,  during' 
fumuncT  months  of  18(i8,  1*!9.  1870."  I^oudoo,  187X    -■Mso  the  resnlts  of  the 
/fo»jr«rexii«lition  1874-IH7fi. 
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the  Jeeper  «  atratuiii  comes  in  the  series,  that  is,  the  tsurlier  il 
appeitrs  iu  the  history  of  tlie  earth,  so  much  the  more  it«  fauna  Mui 
flora  difler  from  those  of  the  present  time.  The  luore  ncHrlv  ont 
stnitum  follows  another  in  the  series,  the  closer  the  relationship 
between  their  it'Sjjective  fossils.  Eveiy  setiinientarj-  formatu 
jxjssesses  chiiracteristic  fossils  whicli  appeal-  very  frequently  ; 
from  these,  taking  into  account  the  succession  of  stiiita  and 
petnigi-iiphic  characters  of  the  rocks,  the  place  occupie<l  by 
stratum  in  the  geological  system  nin  be  defined  with  tulenli 
acciinicy. 

Without  doubt  the  diameters  of  the  fos:dls  and  the  relative 
tions  of  the  strata  are  the  most  im]>ortant  aids  to  the  detenuinatia 
of  the  geological  ajre  of  the  deposit ;  at  any  nite  they  furnish  a  mu 
reliable  criterinu  tlian  ilons    the  structure  of  the  rocks.     The  ida 
entei-tained  in  earlier  timeaii  that  rocks  of  the  same  i>eriod  always 
l)0.-isessed    a    siiuilar,  and    i-oi-ks   of  a   diflerent  period    a    di8similar 
structure,  has   lately  been   given  up   as  erroneous.       Sti-atitied  or 
sedimentiirv  (leiK>sits  have  arisen  in  every  j>eriod  under  similar  coud 
tions.     In  pa.st  times,  as  at  tlie  present  time,  they  were   caused 
the  deposition  of  clay,  of  tine  or  coai'se  sand,  of  tine  and  cotirse'^i 
by  chemioil  pre^-ipitation  nf  cjirbonates  and  sulphates  of   lime  lu 
magnesia,  of  silica  and  oxide  of  iron,  and  by  accumulation  of  soli 
animal  and  vegetable  remains.     These  have  become  trnn.sfonnc^  onlf 
in  (lourse  of  time  into  such  hai-d  nx-ks  as  argillaceous  and   ciilcar«ou 
schists,  limetstone,  sandNt-onp,  dolomite,  and  conglomcnites  of  m»u] 
kinds ;  as  the  result  of  many  c>ia<«s,  such  as  mechanical  prestitir« 
superincumbent  masses,  increase  of  temperature,  internal   chen 
procetwes,  and  .so  forth. 

Even  though  the  peculiar  structure  of  rocks  may  in   many  i 
affoi"d   good    gro\ind    for    conjecture   as   to   the   rebitive  age,  yfl 
it  Ls  cei-taiu    that  depo.sits   of    similar   ago   may  show  an   entirelj 
different  petrographical  chamctei- ;    and,  on   the    other   hand,    thatl 
deposits  of  very  diH'erent  ages  may  have  given  rise  to  rock  foiiux^J 
tions   that  can  lie   scarcely  or  not  at   all  distinguished   from  one! 
another. 

The  old  idea  that  deposits  of  the  same  age  must  everywhere  contaiftJ 
the  same  fossils,  could  only  b<'  maintained  as  long  as  geological  inve»-l 
tigations  were  coiitinf<l  t<i  small  districts.  Similarly  the  idea,  doeely  ' 
connected  with  the  former,  that  the  various  geological  formations, J 
clmracterised  by  a  series  of  detinite  strata,  are  entirely  independent] 
of  one  another,   no  longer  obtains  credit.      ITms  vai-ions    foi-miv-l 
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i  the  group  of  strata  of  one  district  of  distribution  nml  helung- 
one  period  are  niimed,  cannot  be  divided  petrognijthioilly  oi- 

be  foUinriiip  table  mny  serve  for  n  bird's-eye  view  of  the  geological  periuds 
ir  muol  iiii{K>rtaiit  formations  : — 

(Bremt   Prrinilti  (allnTinm,  marine  and  ttenh-watPT 
fonnntiong). 
Piutpluictiir  or  JhlMvial   Prriod  (erratic  boulders, 
glacial  period), 
l'  PlittciDi-  Prriixl  (Rubapiwiiine  formationH,  bone  sand 

of  EpiK-Islit'im,  etc.) 
\MiorrHr  Pirintl  (MuIhsbc,  Tcjrel  near  Vienna,  brown 
coal  in  North  fJermany.  etc). 

(Flysch.  Nummulitc  formation 
of  the  I'ariii  butin. 
I  -Mocstricht  strata,  white  chalk. 

'^' ""'■■■'     -J      up|«r   croon    snml.    Giuilt. 

'      lower  greon  sand.  Weak!. 

/  Piirlxck  strata,  Portland  stoiu-, 
J      Kimmeridgc  clay,  Coral  Rag. 
i     Oiford    clay.    (Jreat  oolite, 
j     Lower  oolite.   T,ias  (white, 
^     brown,  and  black  jura). 
I  Ki;u|)er  or  upper  new  red  sand- 
I     .itonc,    Musehflkalk    (up]>er 
I      Muschelkalk.    ^1'"""'    and 
/     anhydrite,  Wellcnkalk,  Hun- 
ter SaniUtcin). 

.'  Zoi'hatcin,        Uotliliegendes. — 
{     lower  new  rc<i  juindstoiie. 


XDAKY  PERIOD 
•«•  Pormatiott). 


JSitrrm'  Pi-r'nttl 


Crrliirrmin  Period 


iBT  PEKIOD 
»c  f\<rmatit»tM\, 


JuroMif  Period 


Tria'tif  Period 


Perm  ill  H 


'  PERI 

*  Fttrtim 


RIOD       , 

titittt). 


I  foal    Measures    of    England. 
CarhaHifrnrnt      J      Germany,        ami        North 
Piriiiil  I     America,       Kiilniformntion, 

I      rarlMiiiiferons  limestone. 


DermiiaH  Ptriod  (.Spirifcr3nBchiefer,  Cypridinen- 
Bchiefer,  Stryngoccphalenkalk,  etc. — old  rcfl  sand- 
stone.) 

SilHriiiH  Piriiitl  (Ludlow,  Wenlock,  strata,  etc.) 

CiiiiibriuH  P-rind  (slate,  etc.) 

I Thon.'rehiefer,   Laurentian   formations.    Mica    ichiKt. 
I      01<Ier  Gneiss  formation!*, 
diaetu  PrtifcMor  Ramsay  the  groups  of  formation*  in  England  bare  a 
|of  72,5M  feet,  i.e.,  about  13J  Knglishmiles  :  that  is.  formations  of  the — 
rala'oKric  ticriod  have  a  tbickness  of  'il.lot  j 
fccoiidary  ..  .,  1H,I90  >  72.384  feet 
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Tertiary 


2,a<o ! 
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pulaH)ntologic)illy  fi-oiu  each  other  in  such  n  imiuner  its  to  lend  snjijinrt 
to  the  hvpothesis  of  Rudden  and  mighty  ivvohit  iou.<  nnd  aitaeitroiifan  I 
deHtrojing  the  whole  living  world.     We  may  mther  assert  with  off- 1 
taiiity,  thiit  the  extincliou  of  old  species  and  the  uppeamncr  of  ne* 
ones  ha.s  not  tiiken  pLice  iit  the  same  time  at  all  points  of  the  suH^tct 
of  the  earth,   for  many   species  extend  from   one   formation  iato 
another,  and  a  number  of  organisms  [leiMst  fi-om  the  tertiiuy  perinl 
to  the  present  time,  Init  little  altei-ed  or  even  identiail.     Just  a»  ti>* 
commencement  of  the  recent  epoch  in  hard  to  detine,  nnd  cannot  b* 
sharply  sefmmted  from  the  diluvial   period   by  the  character  eilb«T 
of  its  de|K)sits  or  of  its  fossils,  so  it  is  with  the  remoter  periml*  of 
the  earth's  histor)',  which  are  founded,  like  periods  of  human  histon, 
upon  gi-eat  and  impoi-tant  occurrences,  and  yet  are  in  direct  con- 
tinuity. 

Lyell  has  prove<l  in  a  convincing  way  on  gei)logica]  gix)und»  thid 
there  were  not  sudden  revolutions  extending  over  the  whole  swrfaon 
of  the  earth,  but  that  changes  took  place  slowly,  and  were  coufineit* 
to  separate  localities;  in  other  words,  that  the  jmst  histoiy  of  the 
earth  consists  essentially  of  a  giiulual  process  of  development,  in  which 
the  numerous  forces  which  may  be  observed  in  action  at  the  prwent 
day  have,  by  their  long  continued  ojieration,  had  an  enormous  total 
effect  in  ti-ansformiug  the  earth's  surface. 

The  reason  fur  the  irregular  development  of  strata  and  for  the 
limitations  of  foniiations  is  principally  to  be  sought  in  the  iuterruji- 
tion  of  depttsitions,  which,  though  widely  distriliuted,  were  oidy  of 
local  importance.  Were  it  possible  "thHt  a  single  basin  of  the  »*• 
sliould  havti  persisted  during  the  whole  period  of  sedimentary  forma- 
tion and  ujider  singulai-ly  favouiuble  cii-cumstances  have  forme<i  new 
deposits  in  pei-sistent  continuity,  then  we  should  find  n  progres- 
sive series  of  stiut^i  inteiTupt-ed  by  no  gaps,  which  we  should  be 
unable  to  classify  according  to  forinntious.  Such  iin  ideal  hitdu 
would  include  only  a  single  formation,  in  which  we  should  find 
repivsentatives  of  all  the  other  formations  of  the  surface  of  the 
earth. 


•  "  Every  sodimentary  formation  was  oxtended  at  the  time  of  deposition  oTer  i 
cflnfined  territory, — confined  on  the  one  hniul  by  the  extent  of  the  sea  or  in 
water  Imsin.and  on  the  other  by  the  diffi-rent  conditions  favourable  to  the  dtp 
gition  inside  the  hasin.  At  the  anine  time-,  in  other  phices  entirely  or  at  i 
rale  somewhat  diffi-rentlv  slmtificHl  funmitions  {i.i:.  formatinns  of  the  MuucAgtiJ 
but  of  different  eoniii'jsition)  rcsultt'd.  Thus  marine,  fresh-water,  and  awuai 
formations  have  ))een  deiHPsiteii  at  the  same  time  from  different  rocks  and  will 
different  fossils,  while  the  land  surface  lina  remained  free."  Comp.  B.  Colt/ 
•'  Die  Geologic  der  Oegenwarl." 
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In  i-eality  this  ideal  continuous  series  of  stmta  is  interrupted  by 

serous  und  often  bu-ge  gaps,  whicli  determine  the  petrogniphicsil 

pidieonttilogical    differences,     often    strongly    mai'ked,    between 

sive  strnta,  and   corresjwnd    to  periods  of   inactivity,  or,  as 

happen,   to  periods    when   the   i-esults   of   sedimentarj'  iiction 

been   again  destroyed.      Tlie^e  interruptions  of  load  deposits 

ex])liuned    by   the    constjint    alterations    of    level    which    the 

face  of  the  earth  has  undergone  in  every  period  in  consequence 

the  i-e(vction  of  the  molten  contents  of  the  earth  against  its  firm 

erust. 

As   we    see  in  the  present  tiuie  that  wide  tiiicts  of  country  are 

gradually  sinking   (west  coast    of  Greenland,  coral   islands),  while 

others  are  being   slowly  elevated    (west  coas-t    of   South  America, 

Sweden) :  that  strips  of  coast  line  are  smldenly  s-ubmej-ged  beneath 

|HB>e  sea  by  subten-aneau  forces,  and  that  islands  as  suddenly  appear ; 

^nn  it  wiis  in  ejirlier  jwriods.     Elevation  und  depression  were  at  work, 

^Pperhups  uninten-uptedly,  eausjug  a   gniduiil,   moi'e  rarely  a  sudden 

(and    then    locally    contiued)    interchange    between    land  and   sea. 

Bibqus  of  the  sew  rising  with  gnidual  movement  became  dry  laud  and 

rose  up  tiiTjt  IIS  islands,  and  aftei-wiirds  as  connected  continents,  the 

ierent  deposits  of  which,  ^vith  their  included  fossils,  bear  witness 

the  sea  which  once  covered  them.     On  the  other  hand,  great 

itineiits  sank  beneath  the  sea,  lejiving  perhitps  theii'  highest  nioun- 

peaks  ap{)euring  as  Lshinds,  and  again  becjime  the  seat  of  fresli 

ition  of  strata.    In  the  first  case  there  would  be  an  interruption 

deposit,  while  in  the  latter  there  would  i-esiilt.  after  a  longer  or 

bortei'  period  of  inactivity,  the  Ijeginning  of  a  new  foi-raation.    Since, 

BWfever,  elevations  and  depressions,  even  though  affecting  districts  of 

I  extent,  must  always  be  locally  confined,  the  commencement  and 

it^rruption  of  formations  of  equal  age  have  not  taken  place  every- 

rhere  at  the  same  time.     Deposits  continued  a  long  time  on  one  tract 

er  tliey  had  ceased  on  another;  hence  the  upper  and  lower  boun- 

rof  etjuivalent  formations  miiy  show   great  want  of  uniformity, 

iing  to  the  different  locality.     This  explaius  how  it  is  thut  for- 

itions  lying  one  above  the  other  are  composed  of  strata  of  very 

tiTitble  thickness,  and  why  we  can  only  in  nu-e  uises  supply  the  gaps 

the  .series  of  these  sti-ata  from  stnitii  found  in  other  couutries. 

de  whole  succession  of  formations  known  to  us  up  to  the  present 

le  is  not  sulficiently  complete  to  form  an  entire  and  uninterrupted 

eries  of  the  sedimeutjuy  formations.     Tliere  are  still  numerous  and 

iportant   gaps  in  the  geological  record  which  we  may  expect  to 
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see  filled  in  future  ibvys,  wlii-n  kni>wle<lge  liius  iuct-eitseil,  nml   pn- 
blips  only  whi-n  fonniition>  now  beneatli  tlie  s«»  li.ive  lieconie  knnwo  ' 
to  us. 

Imperfection  of  the  Geological  Kecord.  Aft^r  the  fnivg>;>ing  liit-J 
ciisbiou  we  :uii_v  consider  tluit  the  fontinuity  of  li\'iiig  orgxnisms 
the  sticcessire  periods  of  the  earth's  development  and  their  rlo 
relationship  has  been  proved  partly  liy  geologiad  and  piirtly 
palreontologicul  facts.  The  theory  of  descent,  however,  nocording 
which  the  natural  system  must  be  regarded  a,«  a  genealogicsil 
requires  still  further  proof.  It  requires  proof  of  the  preisenw  i 
numerous  forms,  transitional  not  only  between  the  species 
existing  and  those  in  the  more  recent  fonuations,  but  also  betweffl 
the  species  in  all  those  formiitious  which  have  inunediately  sureewli 
one  another  in  point  of  tiaie.  The  theory  also  demands  proof  th 
forms  connecting  the  different  groups  of  plants  and  aiiiuiaL^  of  ttrtl 
present  day  have  existed.  Tlie  estalilishment  and  limitation  of  the 
groups  can,  according  to  Durwiti,  only  be  explained  by  the  extinetin 
in  the  course  of  the  eairth's  history,  of  numerous  and  intimately 
connected  species.  Palaontology  i.s  only  able  imjierfectly  to  comply 
with  these  demands  ;  for  the  numerous  closely  gmdiutt^d  series 
varieties  which,  according  to  the  theory  of  selection,  mus-t  Lnve ' 
existed,  are,  for  the  greater  number  of  forms,  entiri^ly  wanting  in 
the  geological  record. 

This  want,  however,  which  Darwin  himself  recogni.se<l  ;i»  hu 
objection  to  his  theory,  loses  its  impnrt-Mnce  when  we  win.sidrr  the 
circumstances  under  which  organic  rermiins  w^re  geneii«lly  deixisib 
in  mud,  and  preserved  for  succeeding  ages  in  a  fossil  form  ;  whe 
we  recognise  the  fmits  which  indicate  the  extraoiilinary  incomplet* 
ness  of  (he  geologiad  record,  and  which  show  that  the  iutermedifttl 
forms  must  have  l>cen  in  part  de,sc;ril)ed  as  species. 

FMrst  of  all  we  can  only  expect  to  find  in  deposits  the  remains 
those  organisms  which  pos,se.sse(t  n  firm  skeleton  .supporting  the  .softi 
partes  of  the  body,  since  it  is  only  the  harder  structures  of  the  body 
Bijch  as  the  bones  and  teeth  of  Vertebrates,  the  calcareous 
silicious  shells  of  Molluscs  and  Rhi/.opods,  the  sliells  and  spines 
Echinoderms,  the  chititious  skeleton  of  Arthropod.s  etc.,  which  ar 
able  to  resist  rapid  decay,  and  to  tindergo  gnulual  petrifactio 
Thus  the  geological  record  will  fail  to  provide  us  with  any  nccoimt  ' 
the  numerous  and  princiiMilly  low  organisms  which  are  not  pr 
vided  with  firm  skeletal  structures. 

But  also  among  those  organisms  which  are  capable  of  liecotnii 
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Iiz«d,  there  we  large  ^oups  wliieli  have  only  exceptioiiHlly  left 
of  their  existence;  these  lire  the  iiiiimfils  which  liveil  on  liiud. 
remains  of  liind  Huimiils  cnn  only  huve  survived  when,  during 
ftt  floods  or  inundations,  or  for  some  rejison  or  other  their  carcasses 
been  cun-ied  iiwuy  hy  the  water,  flouted  hither  imd  thither,  nnd 
sun-onnded  finiilly  by  hardening  mud.     This  expliiinK  not  only 
relative  i<t«i-city  of  fos»iJ  Miiniiiiidia,   init  also  tlie  fact  that  of 
most  ancient   Mai-supials  (Stonestield  shite),  scarcely  anything 
•resein'ed  but  the  underjaw,  which,  us  the  body  decayed,   was 
y  detjiched,  and,  on  neoouut  of  its  weiglit,  oHei'ed  most   resist- 
to  the  current  of  the  water,  and  was  the  tii-st  piu't  to  sink  to 
bottom.     Although   it   tuts  been  shown  by  such  remains  that 
e»sted  in  the  Junussic   jieriod.   yet    the   Eocene   forms 
tinst  which  give  us  an    insight   into   the   details  of  their 
Btrudiire. 
uCircumstjinces  must  have  been  more  favourable  to  the  presers-ation 
fresh-water  animals,  and  most  of  all  to  that  of  marine  animals, 
the  marine  dejwsita  have  a  much    greater  extent   thivn   the 
lly  contined  fresh-water  deposits.        Thick  formations  seem  in 
to  have  arisen  undei'  one  of  two  conditions  :  either  in  a  veiy 
i,  protected    from  the  opemtion   of   winds  and   waves,   no 
■  whether  the  bottom  was  gnidimlly  lising  or  sinking — in  this 
however,  the   strata  would   be  relati\-ely  poor  in  fossils,  since 
Jy  the  inliabitants  of  the  deep  sea,  which  is  compHMitively  wanting 
:  animal  and  vegetable  life,  would  be  pivserved--ur  in  a  shallow  sea, 
in  which  the  bottom  underwent  a  gradual  and  continued  depression 
lag  long  jieriods  of  time  favounible  to  the  development  of  a  rich 
I  varied  fauna  and  flora.     In  tliLs  case  the  sea  would  have  retained 
inntemiptedly  its  rich  fauna  so  long  as   the  gradual   sinking  of 
ttom   was  counteracted   by   the  continual  supply  of  sediment 
lited  upon  it.     Tliick  formations,  all  or  most  of  the  stiiitji  of 
which  are  rich  in  foaails,  must  have  been  deposited  on  extended  and 
^^HBry    shallow   regions  of  the  sea,  during  a   long  periivd  of  gnulual 
^Bejiression. 

Thus  the  great  gaps  which  occur  in  the  series  of  pala^ontologicid 
remains  are  explained  by  a  considei-ation  of  the  mode  of  origin  of 
deposits.     These   remains  must  necessarily  be  confined  to  the  more 

tlceut  formations.     The  lower,  more  ancient,  and  very  thick  succt*- 
ons  of  strata  in  which  the  remains  of  the  oldest  fauna  and  flora 
inufr-t  have  Ijeen  buried,  seem  to  have  been  so  coni]>letely  altered  by 
'   the   molten   interior   of   tin*   eiirth,   tliat    the  organic 
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ivsiiluii  wliich  tliey  eont4iiu  hiive  l>eeii  o<)inj>let«ly  destroyed,  ur  «] 
iilUTe<l  that  tliey  ciiunot  he  recoguistJ. 

In  any  cose  it  may  be  regardetl  as  ci'iitiin,  that  ouly  a  small  ptutUl 
the  extinct  iiuiual  and  vegetable  world  has  been  presenwi  in  tl 
htseil  8tiite,  and  that  of  this  we  only  kjiow  a  i-uiall  jmrt.  lliervfoftl 
we  cannot  conclude  that,  because  the  fossil  i^emains  uf  intenii<>(liato| 
stiiges  cannot   he  found,  they  have  never  exist'ed. 

If   foH&ilized  transitional  forms  ait;  wanting  in  the  rti:ata  wb 
they  should  have  occurred,  or  if  a  species  suddenly  appeal's  in 
luidiUo  of  a  series  of  strata  and  suddenly  disappears,  or  if  wli 
groups  of  species  make   their    appeai-ance  and  (luickly  viiuL-h, 
vidue  of  these  facts  iis  iirguueuts  against   the  theory  of  sele 
is  diminished  by  the  oLi'cuiustauce  that  in  certaiu  cases  seriis  i 
tniusitioniil  forms  Itetweeii  mure  or  less  remotely  related  orga 
have  been   founil,  niid   that  many   species   have   lieen   de%'elo[>e«l  il 
Of)Ui-8e  of  time  as  links  between  other  species  and  genei^  ;  and  . 
that  species  and   groups  of  species  not  imfrequently  increase 
gTrtduiilly   till    they  iittnin    an    iiuusuiiliy    wi<le  distribution,  eJSM 
into  later   formations,  and  then   gmdually  di.-appe^ir  again.     8u 
positive  facts  havQ  a  higher  value  when  we  consider  the  inoomple 
ness  of  fossil  remains. 

It  will  sullice  here  to  refer  to  the  Ammonites  and  Gast 
such  OK  Valvnta  multiformis,  as  examples  supplied  to  us  by  Pa 
tology  of    tninsitional  forms  which  run   be   aiTanged  in    a  gnulu 
series. 

Eelatioa  of  Fossil  Forms  with  Living  Species. — The  ch^se 
tiou.sliip  of  the  plants  and  imimals  of  the  pre.'^eut  time  to   the  fa 
reuuiins  of   recent   formations  is  a  fact  of   gi-e»it   importance. 
j)articTilar,  we  Hnd  in  the  dihivial  period  and  in  the  diflerent  tertii 
formations  the  ancestml  form.-,  from  which  numerous  li\'ing  spedfl 
are  dii'ectly  descended  :  and  further  the  chaiiicteristic  features  of  I 
faunii  of  liny  particular  ^leoginphical   [irovince  in  the  present  ep 
ju*  foreshadowed  by  the  fauna  of  tlie  epoch  immediately  preceding  i 
the  same  region  ;  a  fact  which  is  proved  by  the  fossil  remaini>  we  1 
buried  in  the  most  recent  sti-atii. 

Many  fossil  Mammalia  fixim  the  dihwial  period  aud  the  uiosti 
(pliocene)  tertiary  formations  of  South  Auiei-ica  belong  to  types  of  I 
order  of  EdeiiUiUi  which  are  now  dLstrilmted  in  (hat  part  of  the  world 
Sloths  and  Ai-madillos  of  immense  size    {Mtijalherium,   JJrij(tlttnii 
(Jli/plodon,  Toxodun,  etc.)  formerly  inhabited  the  siune  continent, 
mamundian  fiiunu  of  whicli  in  tin:  present  day  is  so  specially  tihamS^ 
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by  its  Sloths,  Ai-madillos,  and  Anteaters.     In  iidditiou  to 

gigantic  forms,  small  and  extinct  species  have  been  found  in 

!  bone  cavee  of  BnizU,  and  some  of  these  lu-e  so  neiirly  related  to 

living  forms  thiit  wti  may  assume  them  to   have   been   their 

tors. 

is  biw  of  the  "  suoeeesion  of  similar  types  "  in  the  same  loailities 
exemplified  by  the  Mammiilia  of  New  Holland  ;  for  in  the 
eav«s  of  that  country  are  found  many  species  nearly  iillit-d  to 
present  Ciirnivom.  The  Siiuie  biw  hrjlds  good  for  the  gigantic  birds 
New  Zetilitnd,  and,  as  Owen  and  othi-rs  have  shown,  for  the  Mam- 
of  the  Old  World,  which,  indeed,  Ls  continuous  by  the  circuni- 
region  with  North  America  ;  and  ancient  types  were  able,  in  the 
tiury  j^riotl,  to  pass  into  North  America,  and  vice  vf.nid  by  that 
The  presence  of  C'entiiil  American  types  (JJiddp/ii/s)  in  tlie 
early  and  middle  tertiary  formations  of  Europe  is  to  be  ex{ilained 
in  the  ^Jlme  way.  It  is  even  more  difficult  to  distin^ruisli  the  regions 
of  distribution  of  the  animals  of  that  time  than  of  those  (jf  the  later 
tertiary  period. 

The  evolution  of  the  iuicient  forms  into  tliose  of  the  present 
time  was  eHected  in  the  case  of  lower,  simply  organised  animals 
at  a.  much  earlier  period  than  in  the  case  of  higher  orgiinisms. 
lizopods,  indistinguishable  from  species  li\'ing  at  the  present 
le  (globiyKriim  ttuze)  were  already  Hving  in  the  Cretaceous  period. 
The  ileep  sea  explomtions  •  have  accordingly  yielded  the  interesting 
result,  that  certain  Sponges,  Corals,  Molluscs,  and  Echinod(»rius  now 
living  in  the  deep  sea  existed  in  the  Cretaceous  perttKi.  We  meet 
a  numl>er  of  living  species  of  Molluscs  in  the  oldest  tertiary 
1,  though  the  mammalian  fauna  of  this  period  differs  completely 
>m  that  of  the  present  diiy.  The  greater  number  of  species  of 
luscs  found  in  the  recent  tertiary  perioil  resemble  those  of  the 
icnt  day,  but  the  Insects  of  that  formation  diti'ei- considerably  from 
living  species. 
,  On  the  other  liand,  the  ilaniitialia,  even  in  the  i>ost-pliooene 
iluvial)  dejKJsits,  diller  in  pirt  both  in  geneni  and  species  from 
thot<e  of  the  present  day,  idthough  a  number  of  forms  have  been 
preserved  through  the  glacial  period.  On  tliis  act'ount,  and  on 
AODOunt  of  the  ivlative  completeness  of  tlie  tertiiiry  remains,  it  is 


^•pDOuni 

^^^Lmmtorit.  cXc.)    Types  of  earlier  and  evcu  nf  the  older  gcolofjical  fomiutionii 

HH|Bbet:n  tounil  presci-vetl  in  the  depths  of  the  ix^ean,  which,  in  f.\n{<:  of  the  great 

^^^Maltrp,  the  want  of  light  iin<l  deficiency  in  ^'nseous  oonteute  of  the  water,  are 

more  suited  to  the  development  of  animal  life  than  was  formerly  believed. 


(Rhiaerinu*  LofotriuU — ApiticriHitet,  Plrurotnmaria,  Sijthnnia,  Micraitrr, 
"       -lie 
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especially  interesting  to  tmce  the  recent  niiimnmliHn  fiiuna 
tliniugh  the  pleiKtooene  forms  to  the  forms  of  the  oldest 
perioil.  It  is  possible  to  tmcc  the  Bnoesiti'T  of  a  number  of 
mulitiu  s-ppcies.  Riitimoyer  wns  tiie  lirst  to  undertjike  to  ti-Boe  out ' 
ancestiiil  line  of  the  I'nyiUtUo,  and  especiiilly  of  tht>  Butninan 
8o  as  to  obtain  a  palieontological  developmental  hiittory,  and 
in  obtaining  rpKults,  by  means  of  detailed  geological  and  Hnntinnit 
(deciduous  teeth)  comparison,  which  leave  no  room  to  doubt  ifaxt 
vvlidle  series  of  species  of  existing  miunmnlia  are  collaterally  cr 
directly  reliiteil  \vith  each  other  and  with  fossil  species.  Riitimeytr't 
invftstigatioDs  have  received  c<irn>boration  in  their  essential  y«ointi 
from  the  i-ecent  comprehensive  works  of  W.  Kowalevski,  and  li»r» 
resulted  in  the  estiiblishiiient  of  a  natural  ckssification  of  the  ungulate 
animals  founded  on  phylogeny. 


r? 


,^ 


' 


Fir<.  117.— Bone*  of  the  foot  nf  the  dlfterrnt  genera  of  the  X«i»<<i>(nn«rltenlO.  a^Fbolrf 
Oro*»/t;'««  (Koceno).  b,  Foot  of  AuehilMi-rnim  (T^ower  Miocene),  e.  Foot  of  gyj ■■— 
f  Plclowne).    i',  Kw>t  of  the  recent  ^enua  EguHn. 


Fn   addition    to   the.se  works  we   have   the  recent  researchw  of 
Marsh,  wild  hiis  completed  to  an  extnionlinary  degi-ee  our  knowledi 
of    the    geiiealogA'    of    the   genus    /itfiiKu,   by    numerous   discovi-ri 
(fig.  117)  in  America  (Wyoming,  Green  Jtiver,    White  Rirtr),    Tlif 
eocene  Orohtpp^is,  in  which  the  smiill  jxjsterior  toes  were  present  at 
well   .'IS  the  three  ptiiicip.'vl   toes  which   I'estcd  on  the  gii>und,  wa» 
suoceedeii   in  the  Lower   Miocene   formation   by  Anchilhenitm  wil 
thive  hoofs  ;  and   the  latter  wius  followed  liy  the  Hipjxtr'nfn  of 
Pleiocene  formations  ;  lUid  this  is  the  nuo/sti-al  form  of  the  e.\isti] 
genus  Equim. 

The  origin  of  mant  order*  of  Mammaliii,  such  us  RodnUitt,  Ckrirvi 
tera,   ProUiwifita,   Celacea,  etc.,   cannot  be  clearly  traced    out, 
for  certain  orders,  as  the  J'ro»imi»;   Camivora,  I'ntfulafa,  and 
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,  reniHi-bible  tninsitionul  farms  Imve  Ik-cq  discovered  lunong 

reniiiin.s  of  extinct  types.     Thewe  iilw)  iippair  most  prominently 

tag    till-    ttrtiiii-y    remiiins  of   North   Ameriwi.     In   the    Eocene 

here  (Wyoming)  lived  the  TiUodontiu  with  tlie  genus  Tillo- 

tn,*  charactetixed  by  haNnnga  brond  skull  like  ii  beiir,  two  broiul 

teeth  like  u  i-odent,  and  molar  teeth  like  I'ltJinillitrinm,  and 

himng  five  toes  armed  with  strong  cluws,     It  thus  united  iu 

skeletal  structure  peculiarities  of  Camivom  and  Ungulat4i.     The 

•oe«rtita  (fJiiitjcenig   /nticepi)  mirahile)  wei-e  powerful    Ungulates 

five  tixxl  fe<>t  with  six  horns  on  their  heads,  without  iueisors  in 

pnemaxillar}'  bone,  with  strong  sjibre-like  camiie  teeth  iu  the 

jaw  and  with  six  raolai-s. 

tkiiil    t}-}>e,   that  of    the    Brontofheridif    attjiiued    elephantine 

i-tioiis,  ami  was  provided  with  transversely  placed  horns  iu  fi-ont 

the  eyes.     In  addition  to  the  foi-egoing  thei-e  are  a  number  of 

groups  uf  Mammals  now  completely  extinct,  the  remains  of 

\dl  extend  Ixwk  into  far  ei«rlier  sti-ata.     Amongst  them  are  the 

South  American  Jfeyrt//t<ri(/<p  (Mylodtm,  Megatherium),  which  belong 

to  the  order  Edentata,  and  the  Toxodontia,  wliose  skull  auil  di-iitition 

show   relations  to   the  Ungulates,  Rodents,   >uul   Edentates.      Many 

Hiiier  types,  however,  esj>ecial]y  of  the  Ungulates,  which  during  the 

^■Itiary    [jeriod    inhainted    l>oth    hemispheres,    are    now    extinct    in 

^pnericii,    liut   still    exist    in    the    East.      Elephants,    Mastodoutji, 

Rhinoceridie,  and   Etjuidie  existed  in   Ameriiii  in    the    diluvial  but 

not  in  iw;ent  periods.     Of  the  Perisso<luctyles  the  group  of  Tajtirs 

alone  is  preserved  in  America.     This  group  has  also  been  preset  ved 

in  the  Eii.stein  hemisphere  in  the  E^ast  Indian  species. 

In  the  paliearctic  region  also  are  found  the  remains  of  extinct 
interuiediate  groups  of  Mammals  which  existed  during  the  tertiary 
period.  In  the  Phosphorites  of  Quert;y+  in  the  south  of  Fniiice  are 
found  the  remains  of  the  skulls  of  Pro.simiai  (Ailiipis),  the  dentition 
of  which  is  intermediate  between  the  ancient  Ungidates  and  the 
Lemujidse  (^PiuJti/Umnridm),  so  that  the  ()uestion  may  lie  rai-se/l 
whether  the  Prosimia;    had  not  a   common    ancestry    with    several 

•  Com|i»rp  0.  C.  Mnr»h,  "  PrincipRl  Characteni  of  tbe  TillodoDtia."  Atner, 
Jotm-al  i<f  Srwni-r  ami  Art.  Vul.  li..  187«. 

O.  C.  Hursb,  ••  I'rinci|ial  tliarnctera  of  the  Dinocemta."  .\mer.  JoumtlnJ 
Srirm-r  <inil  Art.  Vnl.  xi..  1870. 

O.  <".  Mftrsh.  •'  I'rincipal  <'hiimoters  of  the  BrontotheridiE. "  Amrr.  JnurHal 
^ Srirnrr  and  Art,  Vol.  xi..  187r>. 

t  Compare  H.  Killiol,  ••  Hecherches  sur  Ics  rhos|ihiinle«  <lu  Qucicy,  £tudo 
dw  foells  qa'oD  v  rencontre  vt  H|iik.-ial(>niciit  ties  HainmifircK."  Ann.  Scirncrt 
fitltigurif*,  Vol.  Vli.,  lM7)t. 
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eocene  Unjni]iit«is  (Pnc/ii/flerinntn).     In  the  same  locjility  are 
the  well  pi-eserved  renwius  of  the  bones  of  p«culuir  Cjiriiivorn  ' 
are  well  worthy  of  I'emark.     These  are  the  Hjienodont*.    It  ■»»»  I 
ft  lonj;  time  doubtful  whether  they  were  MaiN\ipials  or  not, 
Filhol  Kliowe«l  fi-om  the  reserve  teeth  of  their  ijermanent  dentitid 
that  they  were  proljably  of  the  nature  of  placental  Caj'iii\'oni, 
R.t  aj^reement  of  the  molars  of  thetie  Hyienodont«  w-itli  thow  ( 

the  carnivorous  '. 
supials,  as  well  m  i 
small  size  of  the  rli 
ca\-ity  and  the 
tively  slight  dev 
ment    of    the    bn 
support      the     viw, 
which  Ls  iilso  renil 
prolxible     by 
other    cirpumsti 
that   placental  Ma 
mulia  have  develo 
from  the  Marsap 
of     the     m«6ozfl 
period. 

In  the  oldec^  i 
of  the  Eocene  for 
tions  in  both  ben 
spheres,  the 
placental  Mamc 
already  appewr  in] 
rich  variety  of  fo 
which  conti-ast 
edly  with  oneano 
(Arlio<iacli/l<t.  Pei 
totlnrtylfi ).  There  i 
however,  no  groa 
for  i-egarding  thf  iuimeiisunihle  period  from  the  oldest  Eocene  to  I 
Keuper.  in  whicli  the  oldest  Maninmlian  rcmiiins  (the  teeth 
bones  of  int<ectivoi"ous  Marsupials)  have  been  found,  lu*  the  period  i 
which  this  higher  development  of  the  Mammalian  organism  ha* 
eflected. 

In  other  cases  alwi  tlie  Bcience  of  paleeontology  has  led  lo 
discovery  of  intermediate  forms  between  groups  and  even  betwa 


Fio.    ll».— P/«ro&K-/jr(««  rrotnnttru  (mfter  Goldfuu)    about 
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ss  and  orders.  The  Labyrinthodonta,  the  most  ancient  of  the 
Ajupliibia,  found  as  early  as  the  carboniferous  period,  present  many 
piacme  characters  {ventrdL  exoskeleton),  and  have  a  cartilaginous 
lirfilfitnn  Many  fossil  orders  and  sub-orders  of  Saurians  {Halo- 
:— iirirfiie,  Dtnoaauridce,  Pterodactylidia  (fig.  118),  Tltecodontidm)  have 
not  left  a  single  representative  in  the  present  day  ;  others  again  are 
-tnuudtional  between  recent  orders.  Such  a  relation  has,  for  example, 
Iwen  recently  shown  between  the  "P)rthonomorphous"  lizards  (related 
to  the  genus  Moaasaurua)  from  the  chalk  in  America,  and  serpents 
ao  far  as  the  structure  of  the  skull  and  jaw  is  concerned. 

©■wen's  researches  on  the  fossil  Reptiles  of  the  Cape  have  shown 

that  certain  Reptiles  (Theriodonta)  once  lived  there  which  showed 

a  close  resemblance  to  carnivorous  Mammalia  with  regard  to  their 

dentition  and  the  structure   of  their  feet.      The   teeth  of  these 

animals,  though  only  furnished  with  one  root,  can  be  divided  into 

incisors,  canine  teeth,  and  molars,  a  fact  which  induces  us  to  believe 

it  possible  that  the  dentition  of  the  most  ancient  Marsupials  hitherto 

known    (Keuper)   may   be  derived    from  that   of  a    TheriodonAike 

BeptUe. 

Even  as  regards  birds,  a  class  so  uniform  in  structure  and  so 
sharply  defined,  a  form  {Arcfueopteri/x  lithographica)  (tig.  119) 
transitional  between  them  and  Reptile  has  been  discovered  in  the 
Sohlenbofen  slate,  although  the  impression  was  not  perfect.  In  this 
form  tbe  short  tail  of  the  bird  is  replaced  by  a  long  reptilian  tail 
oompoeed  of  numerous  (20)  vertebrae  and  provided  with  two  rows 
of  feathers  (Saurura).  The  articulation  of  the  vertebral  column 
and  the  structure  of  the  pelvis  indicated  an  affinity  to  the  long-tailed 
Pterodactyls. 

The  discovery  of  a  second  and  more  perfect  specimen  of  Arelurop- 
Uryx  has  made  known  to  us  its  dentition.  It  had  sharp-pointed 
teeth  wedged  into  the  jaws.  Other  types  of  birds  have  also  been 
found  in  the  American  chalk,  which  diverge  more  widely  among 
themseves  and  from  the  Saurians  than  do  the  birds  of  any  living 
order.  These  were  defined  ajs  Odontomithes  by  Marsh,*  and  dis- 
tinguished as  a  sub-class ;  they  had  teeth  in  the  jaws,  which  latter 
were  elongated  to  form  a  kind  of  beak.  Some  of  them  (Order 
Ichthyomithes)  had   bicoelous   vertebne,   a  crista  sterni,  and   well 

•  O.  C.  Marsh,  "  On  a  new  sub-class  of  fossil  Birds  {Odontornithe*')." 
American  Jimraal  of  Science  and  Art,  Vol.  v.,  1873. 

O.  C.  Marsh,  "  On  the  Odontomithes,  or  birds  with  teeth."  American 
Journal  of  Seienee  and  Art,  Vol.  x..  1875. 
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developed  wings  {lehUnjortiU),     Others  {Odontolcar)  had  teeth 


Kl(i.   lUt.  -ArekimittrrfMtitkogntykilta. 

bedded    iu   pits,  normal  vei-tebn«,  do  keel  to  the  breast-bone,  and 
rudimentary  wings.     Tliey  were  not  capable  of  tlight  ( Iletperomi 
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Le«ft>niui).  Possibly  in  future  dnj's  we  sliall  be  able  by  the  dif^- 
ooverj-  of  new  types  to  estAlilisli  the  (lonnection  with  the  IHno- 
^Btrinnt  (C'omj»off7uitJnis),  the  formation  of  whose  pelvis  and  feet 
^■br  a.  closer  relationship  to  tho»e  parts  iu  birds. 
^m  Advance  towards  perfection. — If  we  compai-e  tlie  animal  and 
HpBgetitlik'  life  of  the  moft  ancient  formations  witli  that  of  tlie  Mic 
oeedin^  periods  of  the  earth's  development,  it  becomes  evident  that 
has  been,  on  the  %vhole,  a  continual  progi-ess  from  a  lower  to  a 
jer  condition.  The  oldest  formations  of  the  soHwlled  aix'hiean 
«e,  the  rocks  of  which  are  for  the  most  part  in  a  metaiiiorphic 
lie,  must  from  their  enormous  tliiekness  have  occupic^J  immeu- 
ible  time  in  their  origin.  Tliey  contain  no  fo.-wil  remains  which 
can  be  recognised  with  cei-taintj-  us  such ;  although  the  presence  of 
■bitiuniaous  gneiss  in  the  old  foi-mattnns  i-s  a  pi-oof  of  the  existence 
orgHnic  bodies  at  that  time.  All  the  organisms  of  these  most 
crient  i)eiiods,  wliieh  were  cej*tiiinly  numenms,  have  lieeu  de- 
red  without  leaving  any  further  truces  than  the  Graphite 
its  of  the  crj'stallLne  schist.  In  the  most  ancient  and  very 
esteumve  gi'oups  of  strata  we  find  exclusively  crj'ptogamous  plants, 
especinlly  F\ici,  which  formed  extensive  forests  l)eueath  the  sea. 
The  warm  sen.s  of  the  primary  period  were  inhabited  by  numei-ous 
animals  of  very  different  groups,  such  as  Zoophytes,  JIolluscs 
{ft-pecially  Br<ichio]>rnlii),  ( 'iiistaceans  (larva-like  Hyiiienocuri-B,  Tnlu- 
\l«t),  and  Kahes  wlmse  jicculiar  armoured  forme  (Cejihnlaapithf) 
ndicate  a  low  stage  of  organization.  In  the  coal  fonuation-^  we 
Beet  for  the  first  time  witli  the  remains  of  laud  auinial.s.  Amphibia 
[Aptitheon,  Ardmgotaui'vif),  with  a  notochord  and  a  caitilagiuous 
^Mkeleton  ;  we  also  fiml  Insect.-  and  Spidei-s;  iind  in  the  Permian 
^Hbrmations  we  meet  with  large  lizaid-like  reptilian  forms  {Pruturo- 
^Btturu^) ;  while  fishes,  exclusively  Elasmobranchs  and  (rauoids  with 
^Kk  notochoi-d,  and  vnscukr  cryptogamous  plants  (Tret?-fi'rus,  Lepido- 
^pfendra,  Calamites,  Sigillariii,  Stigiiiaria)  still  predominate. 

In    the  Ciirboniferous   perio«l   isolated   instances   of    the   Lizllrd^ 

amongst  Vertebrates  and  of  Conifeite  and  C}-cadiH.'  amongst  plant* 

had  ali-eady  made  their  appeai-ance ;  but  in  thesecondaiy  period  tiiey 

L^btainetl  such  a  prejvmdenuice  tlwt  the  whole  peiiod  lui.s  l>een  m»med 

IPrrom  them  the  period  of  Saurians   and  Oymnosperms.      Amongst 

the  first  the  colossal  Dinosaurians  living  upon  the  land,  the  fijong 

ir  Pteroilactyls.  the    Halnsaurians,  with  their  Kest   known 

chtkiiofauriis  and   I'lesionaunif,  are  entirely  peculiar  to  the 


ond.irj*  period. 
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Examples  of  Mammalia,  although  scai"ce,  are  found  in  the  uppw 
TiTiuisic  lieds,  and  also  in  the  Junissic.  Such  Mammalia  belong 
without  exception  to  the  lowest  grade  of  Marsupials.  Flow«TOg 
plant8  appeal-  for  the  first  time  in  the  chalk,  as  do  the  oldest  renuuu 
of  ilLstini'tly  iHiny  fishes. 

Flowering  plants  and  Mammalia — and  amongst  the  latter 
highest  order  of  Apes  is  represente<l — so  prepondei-ated  in 
tertiary  periixl  that  it  has  been  called  the  period  of  lesify  for«rt*  i 
Mamiualiit.  The  plants  and  animals  of  the  upper  tertiary  beds  sh 
a  giiwlually  increasing  resemblance  to  those  of  the  present  time,  I 
higher  we  asoeud  in  the  series.  Numei-ous  lower  animals  and  pl» 
are  identical,  not  only  generically  but  also  specifically  with 
now  living,  and  the  genem  and  species  of  the  higher  unimals  lull 
a  greater  resemblance  to  those  of  the  present  time.  With 
transition  to  the  diluvial  and  recent  epoch,  the  numlier  and  area 
distribution  of  tlie  higher  tyj>es  of  flowering  plants  inci-ease,  audi 
every  order  of  MamiuaUa  we  find  forms  whose  structure  is  specmlii 
more  and  more  in  definite  directions,  and  which  therefore  app 
more  perfect.  In  the  diln\'ial  age  we  find  the  first  uumi.stakab 
traces  of  the  existence  of  Man.  HLs  history  and  the  development  I 
his  civiliaition  has  c>ccu|)ied  only  the  last  portion  of  the  recent 
which  has  been  rt- lativelv  so  shoi't. 

Despite   its   great   incompletent^s   the    geological   record   affa 
sufficient  material  to  prove  the  exist^'nce  of  a  pi-ogre.ssive  devela 
ment  fium  simple  and  lower  gnvdes  of  organization  to  highw,  i 
to  confirm  the  law  of  a  pj-ogress  towai-ds  perfection  in  the  sucot^sia 
of  the  gi-oups.     We  are  indeed  unable  to  make  use  of  more  tlia 
a  small  p<M-io<l  of  the  time  that  has  lieen  occupied  in  this  pro^ 
towards  perfection  of  orgjinisms,  since  the  organic  world  of  the  mo«t 
ancient  and  extensive  periods  has  completely  disapjieiu'ed  fixuu 
record. 

If,  after  the  above  discussion,  we  consi<ler  the  hypothesis  of  Tmn 
mutation  of  Species  and  of  Descent  to  have  a  firm  foundation  on  fa 
we  must  concede  a  high  value  to  Darwin's  theory  of  Selection  as  i 
explanation  of  the  manner  in  which  the  transmutation  of  species  1 
been  effected. 

There  are  yet  natural  historians  who  admit  the  great  change* 
which    the  animal  and  vegetnV>le  world   have  undergime,  and   yi 
<t:>mlHit  the  Darwinian  principle  of  Selection,  without  Ijeing  able 
give  any  other  explanation,     The  phenomena  of  gradunl  prog 
towards  perfection  agi'ee  very  well  with  the  theory  of  Selcvtia 


vxcowjjsnmceaa  or  thb  explasatioit. 


Natural  Selection  leads,  on  the  whole,  to  a  progressive  differentiation 

of  orgitns  (diWsion  of  labour),  since  it  pi-eserves  any  peculiarities 

■which  lire  of  use  in  the  struggle  for  existence,  and  thus  tends  to  the 

perfection  of  the  orgauib.m.     We  can  therefore  connect  the  progress 

f  nuple  types  to  higher  ones  with  the  principle  of  utility  implied 

Natanil  Selection,  without  being  obliged,  with  Niigeli,  to  have 

r>urse  to  the  obscure  notion  of  an  iuexplioible  tendency  towards 

ection.     It  is  the  Litter  mystical  supposition,  and  not   Natui-al 

Selection,  which  is  contradicted  by  the  fact  that  we  find  a  number  of 

lizopoiijs    Molluscs,    and    Crustacea    (n.g.,    the    genera    Limjitla, 

'aHtilaa,  Limidtis)  have  existed  abnost  without  altenitiou  from  the 

fbrmatious  through  idl  the  geological  periods  to  the  present 

I,  and  by  the  observation  of  a  retrogression  of  organization  in 

the   counse   of    develoj)ment  {t.y.,  retrogressive   metjimorplinsis   of 

IWosites). 

Nor  again  can  it   lie  objected  that  on  the  hypothesis  of  Natural 

lection  the  lower  types  should   have  been  long   ago   suppressed 

and  have  become  extinct,  while,  as  a  matt«r  of  fact,  there  are  higher 

lower   genej-a   in   every  cliiss,  and   the   lowest  organisms  are 

erous  and  widely  ilistributed.     It  is  precisely  the  gi"eat  variety 

the  degrees  of  organization  which  biings  alxmt  and  i?*  favoui*able 

the  greatest  development  of  life,  all  the  forms  of  which,  both  the 

lu'gher  and  the  lower,  being  best  suited  to  theii-  peculiar  circumstances 

able,  more  or  less  perfectly,  to  occupy  a  special  place  in  nature, 

.  in   a  cei-tain    sense  to  maintain    it.     Even    the   mott   simple 

occupy  a  phice  in  the  economy  of  nature  which  can  l)e 

by  no  other  organisms,  and  are  necessary  to  the  existence  of 

numerous  higher  grades. 

However  well  grounded  we  admit  the  theory  of  Selection  to  be,  we 
Buinot  accept  it  as  in  itself  sufficient  to  explain  the  complicatetl  and 
involveil  metamorphoses  which  have  taken  place  in  organisius  in 
the  course  of  immeasurable  time.  If  the  theory  of  i-epeiited  acts 
of  creation  Ije  rejected  and  the  pixwess  of  natund  development  be 
^  established  in  its  place,  there  is  still  the  first  appejiraiices  of  organisms 
^^k  be  accounted  for,  and  e.spet^ially  the  detiiiite  course  \vliich  the 
^^Bfolution  of  the  complicated  and  more  highly  develoi>ed  organisms 
^Hks  titken  has  to  be  explained.  In  the  many  wonderful  phenomena 
'  of  the  organic  world,  amongst  others  in  the  origin  of  linn  in  the 
uviid  or  tertiary  period,  we  have  a  riddle  the  solution  of  which 
lUSt  remain  for  future  investigators. 
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PROTOZOA. 

"Mitttnlf  of  n'mple  conttilnlion  and  »nutU  size  ;  triUunU  tUtuet  ( 
posed  of  definite  celis.     Sexual  reproduction  hij  means  of  ova  and 
gpeniinl-ozoa  unJenoirii . 

From  ii  morpholdgiciil  [wiiit  of  view  the  Protoion  have  remained 
iit  tlie  stage  of  cells,  in  ilie  protoplasHi  of  which  one  or  inoi*  nuclei 
niiiy  lje  present.  The  phenomenn  of  -segroentiition  of  the  egg  iioct 
formation  of  the  germiniil  hiyers  are  therefore  nhsent  from  their 
development.  The  body  Ls  always  composed  of  a  contractile  grannLir 
(*ubstiince,  filled  with  vacuoles  :  it  may  also  contaui  a  iJiUnuting  racude, 
and  present  the  phenomenon  of  granule  currents.  The  jmlmtting 
nicuole  consists  of  m  spiu-e  without  walls  tilled  with  a  cle«»r  rtiiid. 
Tliis  Kjjace  nppii-ently  diminishes  and  disappears  thi-ough  the  cmitnu?' 
tion  of  the  surrounding  plnsnia,  and  then  re-appeare. 

There  exists,  however,  in  the  vnrjing  diflerentiations  in  tlw 
interior  of  the  saixiode  IxkIv,  and  in  the  differences  in  the  ext<'iii  il 
hoiuidary,  and  in  the  manner  of  nourishment,  a  number  of  modi- 
ficationH  which  we  shall  use  for  the  foundation  of  gi-oupe.  In  the 
simplest  ctu*»,  the  entire  body  con.sists  of  ii  sraiill  lump  of  «vniMle, 
the  contractility  of  which  is  confined  by  no  firm  external  membrutCt 
This  hiinp  of  sai-co<le  is  sonietimes  semi-fluid,  and  protnidee  Mid 
retnicts  processes.  It  is  sometiineii  of  t<)ugher  consistence  in  {auti^ 
and  protrudes  hair-like  niys  and  thrinu\s  (Hhiznpndn).  Nourishm« 
takes  place  through  the  intu.«i.<iusception  of  extraneous  bcMliiw, 
cnn  l>e  s\iiTotinde<l  and  endase<l  by  the  |>rotopliismic»»ih8t»nce  %t  i 
portion  whatwX'ver  of  the  itei-iphei-y  of  the  body.  In  other  caiwt  the 
IxkIv  which  sends  out  slender  pit)ce(«et<  {fmetulo/wifin)  fi«n«taa 
jqliciouH  or  calcareous  needles,  bittice-wurk  shells,  or  sliells  perfomtod 
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by  holes,  to  shelter  and  protect  the  body  {Fornminifera,  Badiolaria). 
In  the  In/uaoria  the  sarcode  body  is  boimded  by  an  external  mem- 
brane, and  is  capable  of  quick  and  varied  locomotion  by  means  of  the 
movements  of  the  cilia,  hairs,  bristles,  etc.,  which  it  possesses.  The 
solid  nourishing  matter  is  taken  in  through  a  mouth,  and  the 
remainder,  after  digestion,  passes  out  through  an  anal  aperture. 


CLASS  I.— RHIZOPODA.* 

Protozoa  without  external  investing  membrane,  the  parenchyma  of 
tohic/t  protrudes  and  retracts  processes  ;  as  a  rule,  a  calcareotts  shell  or 
sUicious  skeleton  is  secreted. 

The  body-substance  of  these  animals,  the  shells  of  which  were 
described  as  Foraminifera  or  Polythalamia,  long  before  their  living 
contentfl  were 
known,  consists 
vi  sarcode,  and 
is  without  any 
boondarymem- 
biHne. 

The  body- 
sabstan  ce, 
which  is  richly 
gnmnlated  and 
contains  pig- 
ment, contracts 
slowly  and 
sends  out  at  the 
same  time  fine 
thread-like  rays 
(fig.  120),  for 
the  most  part 
of  a  semi-fluid 
consistency 

Ipteudopodia);  and  these  serve  not  only  as  a  means  of  movement  but 
also  for  the  reception  of  nourishment.     The  pseudopodia  may,  how- 

•  Dnjaidin,  "  Observationg  but  les  Bhiwjpodes"  (_Comj/tri  readv*,  1835). 
Ehienberg,  "  Uber  noch  jetit  zahlreich  lebende  Thierarten  der  Kreidebildung 
and  den  Organismoa  der  PolythaUmien "  {Abhandluitg  der  Akad.  z»  JirrliH, 
1839).  Max  Sigm.  SchalUe,  "Dber  den  Organismus  der  Polythalamieu " 
(Leipzig,  1864).  Joh.  Mllller,  "  Uber  die  Thalassicolen,  Polycystinen  und  .\c8n- 
tbcnnetien"  (1868).  B.  Haeckel,  "Die  Badiolarien"  (Kine  Monographie. 
BerUn,  IMS). 


Fio.  120.— Optical  MCtion  throoKh  portion  of  tbe  sarcode  body  of 
Aetinotptatriam  KMtonii  (after  Hertwig  and  Lesser).  N,  nuclei 
in  the  endoaark,  from  which  the  vacuolated  ectosark  is  clearly  dis- 
tinfoiishahle.  In  the  centra  of  the  iweudopodia  tbe  axial  thread  is 
visible. 
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erer,  be  bnmi,  lobed,  w  fiager-like  |mucju«bo»  br  miiw  of  which  * 
quick  Mkd  flowing  motkn  out  be  impMtod  to  tbe  bodjr  nuuS'  A 
toagiter,  deu-  liaiiici«gcn«oiiB  external  Ujvr  {SxafloMm)  is  nsiwUv  ta 
be  dirtingni*hed  ■•  tbe  periphetal  boundary  from  a  more  flai<i  »tii 
more  gtannUr  intcmal  mass  {EwdefJanH).  During  motion  tbt 
farmer  in  projected  in  proc«Ea«8  into  whieb  tbe  granules  of  tbe  lattar 
rtream  more  or  )e«K  quick]  v. 

In  the  stilfer  pseudopodin  streams  of  granales  areobservablei  A^ 
but  regnlnr,  paamng  from  the  baae  to  the  extremity  and  rtev  rmi. 
He  escplauation  of  these  movements  is  to  tie  sought  in  the  coDtmctilitj 
of  the  sunx>un<ling  portions  <rf  sarcode  (lig.  120), 

A  polluting  space,  the  contractile  vacuole,  is  not  unfreqently  ki  (■« 
found  in  the  (aircode,  e.g.,  DiJItufia,  Aetinophrift,  ArctUa  (tig.  121), 
Nuclei  are  ali«o  U8nully  present  in  the  mrcode,  by  which  tlie  morplo- 
logical  value  of   the  Rhizopod  body  as  cell  or  «&  cell  ikggrcgate  ii 

placeil  beyond  all  doubt.  Tliere  m* 
also  fonu.N  in  tbe  protoplasm  of 
which  no  trace  of  h  cell  nucleus  h«» 
been  found.  In  such  enther  th« 
protopliism  of  the  nucleus  is  not  yet 
dift'erentiated  «<<  a  t^parate  .-tructure 
(the  Monera  of  E.  Ilaeckel ).  or  we 
have  to  do  with  a  transient,  noo- 
nucleate*!  stage  in  the  life-history. 
The  sarcode  usually  secretes  sili- 
cioufi  or  calcareous  structures,  either 
as  line  spicula  and  hollow  spiow 
which  are  directed  from  the  ct-nlrt 
to  the  periphery  in  regular  order 
and  numl)er,  or  as  lattice-work 
cluimbers  (J{adiolarla),  wliich  often 
bear  points  and  spines,  or  tiually 
as  single  and  many  chambered  shells  with  finely  pei-fomted  walln 
(Foranmtij'urfi)  and  one  larger  opening.  Through  this  hust  (fig. 
123),  as  well  as  through  the  countless  poros  of  the  small  shells  (fig. 
122),  the  slender  threads  of  siirco<le  pass  out  to  the  exterior  as 
pseudci|x>diH,  changing  without  intermission  in  form,  stxe,  and 
numlier,  and  often  joining  themselves  together  in  delicate  netwodn 
(tigs.  122,  12.S). 

The  psetulopoilia,  by  their  slow,  creeping  movement*,  nffoi-A  n  means 
of  lot'omotion,  while  they  also  serve  for  the  tiUdng  up  of  nouiishmont 


juMm  {ttun  Pr.  K,  Srhultxe).    y,  Nn- 
cIcuR.     Pr.  pulaMtiDK  vBcanle. 
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sui'Pountlinj^  and  transporting  into  the  interior  of  the  body  small 
etahle  orgBnisms  as  Bacillnriu.     Among  the  shell-bearing  forms, 
lie  re«;*ptiou  and  digestion  of  food  takes  place  outside  the  shell  in 
le  peripheral  threads  and  netwoi'lo^  of  tsorcode  ;  for  eAch  spot  on  the 
Surface  can  for  the  time  being  assume  the  functions  of  mouth,  and 


Tto.  IB.— X>ta«a  Mii<<a  <iiftor  M.  Scbnitze),  wjtli  »  Diatom  Mken  in  the  natvoric  of 

Paeudni>orliH. 


of  anus,  by  rejecting  the  undigested  remnants.     The  RhisopHKla 

for  the  most  part  in  the  sea,  and  contribute  by  the  accumulation 

lieir  shells  to  the  formation   of  the  pea  sand,  and  even  to  the 

ition  of  thick  strata.     An  inuumer.ible  quantity  of  fossil  forms 

am  various  and  very  ancient  formations  ni-e  known. 
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Order  1. — Foraminifera.* 

Rhizopoda,  either  luUeed  or  m'th  n  nhcU,  the  shell  almott  mm 
oilcai'eotu  and  tittuUli/  piere«d  with  Jine  pore*  for  the  exit  <f  I 
jittuilopodia. 

Only  in  rare  caeea,  for  instance  Xumionina  and  PolymorjAina,  ii_ 
the  ahell  substance  of  a  silicious  nature ;  in  all  other  furmB  it : 


Fio.  I?S.— Vi'io/a  imeni,  rt\\h  nstwork  uf  p»n(lopo<lia  <■!!«■  If.  Belra 


meinbninous  or  consists  of  a.  calcareous  liepoidt  in  a  basis  of  or 
niutt*r.     The  shell  is  either  a  simple  chjunber,  usually  pi-ovitlefl  witJ 
n   large   opening,  or   is   mnuy  chiiinbered,  that  is,  is  comjjosetl 
numerous  clmnibers  ariimged  ujxiu  one  another  according  to  definit* 
laws.    The  spaces  of  these  chambers  communicate  by  means  of  narrow. 

*  BeeiilcH  D'OrbiiE^y,  Max  .Sibulue.  1.  p.. compni-e  W.  C.  Williumsfin,  ■•  0 
recent  Koraminifirn  uf  tireat  Britain."  I^>nUon.  1K68.  Ciir]K'iit<T,  "  Inir 
tion  to  the  Study  i-f  iht  Foraminifera."  Loiuion.  I.'*ti2.  lU-uts,  "Kiitwiu'r « 
system.    Ztuammunstellang  der  Poramiiiifemu,"  Wien,  1861. 
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and  Lirge  openings  in  the  partition  walls.     In  like  niiinner 

portions  of  the  living  sarco<ie  boily  which  are  enclostxl  in  the 

•iiviiluiil  chain bei-s  iini  in  dii-eot  comrauniiuition  with  ont?  another 

meansi  of  procesbtsi  which  pass  through  tlie  piissuges  iinil  openings 
in  the  septa,  and  connect  one  portion  with  another.  The  quality  of 
the  botly- substance,  the  niode  of  movement  and  iiourisluuent,  agi-ee 
elot»ly  with  those  which  have  been  depicte<i  )is  characteristic  of  the 
order.  Our  knowledge  of  the  mixle  of  repi-oduction  is  imperfect. 
Amongst  the  forms  without  a  shell,  fission  luis  l)eeu  observed  as  well 
as  fu.-iion,  which  may  perhaps  be  referit-d  to  a  species  of  sexual 
reproduction  {eonjugtUUm).  The  i-ep«-oducti(jn  of  shell-beairing 
Fonuninifeni  such  as  Miliola  aud  RoUdia  has  als<j  lieen  obsei'ved. 
The  former  produces  from  the  protoplasm  of  its  lx>dy  single 
chambered,  the  latter  three  chambered,  yomig.     Probably  this  mode 

reproduction  is  preceded  by  an  increase  in  the  numljer  of  nuclei, 

d  the  animal  divides  into  as  m.-iny  portions  as  there  are  nuclei, 
of  which  becomes  a  young  Foraminifer,  aud  contains  but  one 
nadens. 

In  spite  of  their  small  size,  the  shells  of  our  simple  organisms  may 
lay  claim  to  no  small  consetjuence,  since  they  not  only  accumulate  in 
enormous  quantity  in  the  .sea  sand  (M.  Schult/.e  calculateil  their 
number  for  an  ounce  of  sea  sand  from  Molo  di  Uaeta  at  iil)out  one  and  a 
half  millions),  but  ai'e  also  found  us  fus.sil-,  in  ditTfreut  fomiations  (the 
cretAceous  and  terliai-y),  and  have  yielded  an  essential  material  to  the 
construction  of  rocks.  SiUcious  nodules  of  Polythidaniia  are  even 
found  in  Silurian  deposits.  The  most  remarkable,  on  account  of 
their  considerable  size,  are  the  XuminiilUe.s  (tig.  124)  in  the  thick 
formation  of  the  so-called  Nummulite  limestone  (Pyrenees),  A  coarse 
chalk  of  the  Paris  Utsin,  which  makes  an  excellent  building  stone, 
4X>ntains  the  TrilooUina  IrujunuJa  {MU'wlite  chalk). 

The  greater  number  of  Foraminifem  are  marine,  and  move  by 
creeping  on  the  bottom  of  the  sea,  but  Globigeiina  and  Orbulina  have 
been  met  with  on  the  surface.  Tlie  bottom  of  the  sea  at  very  i-onsider- 
•ble  deptlis  is  also  covere<l  with  a  rich  abundance  of  forms,  esjiecially 
with  Glohiijerina,  the  i-emains  of  the  shells  of  which  give  rise  to  an 
enduiing  deposit. 

L  Sub-oi-der  :  Lobosa  (A  mceliifoniiM). — Amo-lm-like  fresh-water 
Rhizopoda,  usually  with  pulsitting  vacuole,  sometimes  naked,  some- 
timee  vnth  a  idngle-cliambered  tirm  shell.  The  sarcode  body  consists 
aa  a  rule  of  a  tougher  t'Xopla.sin  and  a  fluid  giiinular  ciidoplasni. 
The  pteadopo«lia  ai-e  lobed  oi'  tinger-.sliaped  proce-ssts  of  cuu.siderable 
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tiize,  o(!«isionitlly  touglier  slender  processes  without  grann 
{Hgs.  125  ami  120). 

Ameetm  primiju   Ebrbg.,  A.   tcrriroitt   Givet.,    Prtiilopvn  riiffln/iieiu  l.Tjji^ 
Lftchm.     Hyrt'  KbuuKl  also  he  placcnl  tbc  fnmnug  But h ijhi uji   IlruckrSi  Htixl, 
wliieh  io  fnuiiil  in  the  dei'ii  sen  mud  of  the  Atlsntin  Ocean,  if  it  ia  indnd  • 
liTiiig  organism  (and  not  simply  b  deposit  of  Gypsum). 

Arrcllii  Tiihjariii  Elirbg.,  Difflur/ia  protriftiriiiiji  Ehi'bg.,  Etuift/phn  jti^iti 
Curt,  have  shells  nnd  tough,  pointed,  dichotomouslj-  bmnching  pseud(>|iodii 
(fig.  125). 


Fm.  12i.  -NumniulUio  Liinpfitniie,  Willi 
hdrixontn)  Mc-liou  of  J\'.  Ji'Wmm*  (ufter 
Zillcll). 


Via.     US,  —  Eoglfl'hl      ploUni 


Fifi.    127.  —  jie*rvuhma    j/tiltm 
<i»IU>r  M.  Sclinltse). 


2.  Suh-onk'r :  Reticularia   (T/ialainop/iora).     Prinoipnlly  marin*, 
Bbizopotls  with  extremoly  slender  anu.stoniosiu^  p.seudo|K>diii,  wilM 
gi-anule   sti'eJinis   iu    tiit"    Intt+r,    nu'elj'  iiiikt.><l   {J'mtviietirt,    Lie 
kiifuiia),  usually    with    un'iiilininoug   or   calcai-wjus  shell,  which 
nngle-chiiniljered  {MonolJutlttJiiia)  or  niany-clmuiliered  {I'oli/tMttmint 
(fig.  127). 
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1.  Im perforata.  With  membranons  or  calcareoos  shell,  which  is  without  fine 
xjrert,  but  ixjesesses,  in  one  places  '^  opening,  either  simple  or  Bieve-likc,  through 
irhich  the  ]>seudopodia  project.  To  these  belong  the  Ornmidtr,  with  a  mem- 
tiranoos  chitinoua  shell :  Oromia  oviformU  Duj.,  and  Milwlidre,  with  a 
pomellaDous  shell :  Conuapiraplanorbh  M.  Sch.,  Miliola  ryrlo»tnma  M.  Sch., 
trom  the  Miliolite  chalk. 

2.  Perforata.  The  shell,  which  is  usually  calcareous,i8  invariably  pierced  with 
innamerable  Sue  pores  as  well  as  by  one  larger  opening,  and  has  complicated 
pcueages  in  the  partition  walls  of  its  chambers. 

The  Lafjenida  hare  a  hard  shell,  with  a  large  opening  surrounded  by  a 
toothed  lip  :  Lugena  rulgarh  Williamson. 

The  Glohigrrinida  on  the  contrary  have  a  hyaline  shell  pierccfl  by  large 
poTC«,  aud  a  simple  slit-like  open- 
ii^r  :  Orhiilina  uniTrma  D'Orb., 
Olohigerina  bulloidet  D'Orb., 
Butalia  D'Orb.,  Trxtularia 
D'Orb. 

The  greatest  size  is  attained 
by  the  Xvmmulmida.  which 
pos!<ess  a  firm  shell  and  an  in- 
ternal skeleton,  which  last  is 
pierced  by  a  complicated  canal 
•ystcm  :  Polyntomella  Lam., 
yitwtKvliiia  D'Orb, 

Order  2. — Hkliozoa.* 

Fresh-water  Rhizopods 
tuvuiUy  with  pulsating  vacu- 
ole, and  one  or  more  nuclei. 
A  radial  sUicious  skeleton 
sometimes  present. 

The  sarcode  body  sends 
out  in  all  directions  tough 
radiating  pseudopodia  (fig. 
128).  When  a  skeleton  is 
secreted,  it  consists  either  of 
radially    arranged     silicious 

spines  {Aoamihoeystis)  or  of  latticed  silicious  shells  (Clathridina), 
and  so  closely  resembles  the  skeleton  of  the  Radiolaria  that  the 
Heliozoa  have  been  actually  described  as  fresh-water  Radiolaria. 

They  differ  from  the  Eadiolaria  in  the  akseiice  of  the  complicated 


Fio.     128. — Toung    AeiiHOtplueriiiui.    still    with    a 
alnxlenucleug  (after  F.  E.  Schultze).   iV,  Nucleus. 


*  L.  Cienkowski,  "  Ueber  Clathrulina."  Archie,  fur  miirimJi.  Anatumir, 
Tom  III.,  1867.  R.  Greeff,  "Ueber  Kadiolarieu  und  radiolarieuShnliohe 
Rhizopoden  des  siissen  Wassers."  Tom  V.  &  XI.  U.  Hcrtwig  und  Lesser, 
'■  Uber  Bhizopoden  und  denselben  nahe  stehende  Orgauismcn."  Suppl.  Tom 
X.,  1874.    Also  Archer  and  P:  E.  Schultze,  etc. 
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<liiferentiationK  of  the  saivoile,  piu-ticuliu'ly  of  the  ceutreJ  cap-a)f. 
One  or  more  imclei  miiy  lie  present  in  tlie  centml  moss.  Au  im- 
portant diKtiugiiisLiiig  mai'k  i.s  iifiurde<i  by  the  presence  of  tk 
pxilhiiting  viicuoles,  which  have  not  been  observed  in  any  uuuw 
ItHdioliiiian. 
The  reproduction  very  frequently  takes  place  by  fi>>i>ion,  oceasioiuU/ 


^ 

■  / 

Flo.  139,— riWiij>i«>//<i  fitbigita,  with  central  capsule  and  ulngle  luiteaoclsua,  Blaoamuivtl 
alveoli  in  tbe  ijrotiiplacm  (alter  E.  Uaeckel). 


after  previous  conjugation  oF  one  or  moi*  individualiH  alec  dnriaf 
enrystmeut.  Multiiilicjition  liy  spores  has  also  been  obdervri 
{Ctal/ittUina). 

In  the  ArliMo/ilirj/Ufa  there  is  no  sktletoii  secreted  :  A<-tinmj>har't» 
EirhlioiHii  Khrlic'.  Tin'  feutral  tnntter  contains  iiiinieTOiis  nuclei.  .Ictiitvfhfy 
till  Klirbjf.  fif  snmll  sine,  with  n  single  Central  nucleus. 

In  the  Aranlliiirijiitiiltr  slender  silioioun  spikes  nre  found  :  .4/YiafA«rji«tit 
SpiHifrvii  lirci'ff.  with  Kilieious  Kpikeii  iinil  neoUes. 

In  Clalhniliiin  there  in  u.  liittieeii  <.ilieiuu>i  nhell,  and  the  body  baa  Ik  stalk: 
llathruliiia  rUijiiiit  Cienk. 
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Order  3, — Radiolabia.* 

Marine  lihizopoda  toiUt  eomplimted  differentiation  of  tJi*  anreodt 
Itody,  tmt/t  ceiUnd  eapguU  ami  radial  ailiciinia  Hkehton. 

The  sarcode  body  contains  a  inemhiiinou.s  porous  avpsitle  (thp 
central  cnpndr),  in  wLidi  is  lontjviued  u  toiigli  slimy  protoplasm 
with  vncuoles  iind  granaleR  (intracapsular  tarcwU),  fat  and  oil 
plolniles.  and  nlburainous  belies,  und  moi-e  itirely  crystnls  iind  con- 
cretiouA.  The  intrucapsiilur  miiss  contjiins  also  a  single  large  nucleu.s 
or  several  small  nuclei.  The  sarcode  which  surrounds  the  capsule 
■Lod  which  emits  on  all  sides  simple  or  anastomosing  pseudopodin, 
contaiiis  numerous  yellow  cells,  sometimes  pigment  masses  :  and  in 
some  caoes  delicate  trans- 
parent vesicles,  or  alveoli, 
are  found  in  the  peripheral 
lajer  lietweeu  the  radiu- 
pseudopodin  ( T/udat- 
>li<i  prliujica,  tig.  129), 

'Many  Radiolaria  form 

Joniesv,  und  ai-e  composeil 
of  numerous  individual. 
In  sucli  colonies  the  al- 
veoli are  plHced  in  the 
common  protoplasm, 
Hhich  contains  in  it-elf. 
^Bt  Me  ill  the  moDozoic 
Badiolaria  a  single  cen- 
tral capsule,  but  a  nuniljer 
of  capsules.  Only  a  few 
q>ecies  rejnain  nuked  and  without  finii  deposits  ;  as  u  rule,  the  soft 
body  pos.>*H«es  a  silicious  skeleton,  which  either  lies  entirely  outside 
the  central  capsule  (Ktlolithia)  or  is  jmrtially  within  it  [Eiitulllliiu). 
In  the  most  simple  cases  the  skeleton  consists  of  small,  simple,  or 
toothed  silidous  needles  (spicida)  united  together,  which  sometiuiRs 
give  rise  to  u  fine  sponge  work  round  the  i)eri]>hery  of  the  proto- 
pLtam,  e.y.,  Phyaemaliiim.  In  a  higher  grade  we  tind  stronger  hollow 
feilicious  spicules-,  which  mdiate  from  the  middle  point  of  the  Ixidy 
to  the   periphery  in  regular  number  and  oi-der,  f.ij.,  Acanlhometm 

^^P  Jol>.  -Mitller.  "  Uctier  (lie  Tlmlassirolleii.  Polycj-Htincn  und  Acnnthomctivu.' 
^RA.  drr  ISrrl.  .Ha<l.  1.S.5S.    E.  Haeckel. "'  Die  KaJiolAinen."  Kiue  Moiiagrapliie 
Berlin.  1062. 


Fig.  iait.—AniitllUmtini  ]fii(/m° (after  E.  Uuckel). 
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(tig.  130).     A  fine  peripheral  fniiuework  of  spicules  may  he  ndded  ta 
these.     In  other  cases  simple  or  compound  lattice-works,  and  pier 
shells  of  various  externiil  form  (like  helmets,  bird-cages,  shelU,  «U 
are  fouml,  and  on  the  periphery  of  these,  .spicules  and  ^eedle^ 
even  extemal   concentric   shells   of   similtu*  sluipe   may  be   forme 
e.g.,  Polycyglina  (figs.  131  and  132). 

Up  to  the  pre(«nt  time  but  little  has  been  made  out  about 
reproduction  of  these  luiimals.  Besides  fission  (Polyci/ttaria), 
formation  of  germs  has  been  observed.  These  are  formed  from  tb» 
contents  of  the  centntl  capsule,  and,  aftei*  the  buivting  of  the  latter, 
become  free-swimming  mastigopods.     Radiotaiia  ai-e  inhabitant*  of 

the  sea,  and  swim  at  \ht 
surface,  but  are  aha 
able  to  sink  to  deeper 
levels. 

Fossil  remains  of 
diolaria  have  been 
known  in  grent  num 
by  Ehrenberg,  e.y.  f 
the  chalky  marl  and 
polishing  slate  found  nt 
certain  parts  of  the  cow* 
of  the  Mediterranean 
(Caltanisetta  in  Sicily, 
Zante  and  -^gina  in 
Greece),  and  in  particu- 
lar from  the  rooks  of 
Barkidos  and  Nikobor, 
where  the  Radiolari* 
have  given  rise  to  widely 
nx'k  formations.  Samples  of  sand  also  from  very  con- 
depths    have    shown     themselves    rich    in     Radiolariwi 


FlO.  ISl— J!frHMJ>»«">  rMlloidn  (Rfter  E.  HMOtel). 


extended 
sidenible 
abella. 


I.  llailkiliiria  vwhiizwi.     RafUoIaria  which  remain  Bnlitary. 

1.  Fam.  ThalMiicollid*.  Skeleton  atisent  or  consisting  of  single  spicnla 
not  joiiio'l  togetlier.  TlmUiJuirolla  (without  skeleton)  tmrlmtn  HuxL,  Pkpe 
mitiMM  MiiUrri  Sclm. 

2.  Fam.  PolyoystinidB.  The  skeleton  consists  of  a  simple  or  liivided  iMtJocd 
•ihell,  the  loiij;  asi*  of  which  is  Ixiundcd  l).v  two  joles  of  different  structmt- 
Jliliioiphiirn.     KiiriivtUlhiiii  ijiih'ii  K.  Uaeck. 

S.  Fam.  AcsnthometridB.     Tlie  skeleton  consists  of  scTcral  mdial  spical 
which  pass  through  the  central  c«|>sulc  and  unite  in  it«  centre,  without  fomiii 
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« latticed  shelL   The  eztra-capsalar  cells  (yellow  bodies)  are  wanting.,  Acantlto- 

metra  prllueida  Job.  Miill. 

II.  JPolyryttaria.  Badiolaria  which  form  colonies  with  several  central  capsules 
Amongst  the  Sphserozoa  a  skeleton  is  wanting  or  consists  of  single  pieces  not 
joined  together.  ColUnoum  iaeriM  E.  Haeck.  SplKenauum  puitctafum  JoB. 
IIUIL  In  CoUotphara  the  skeleton  consists  of  simple  latticed  spheres,  each  of 
which  encloses  a  central  capsule,  Collo»ph<pra  Huxleyl  Job.  MUU. 


Fis.  181.— Sucyrlidtiuii  enmaido  (after  IS.  Ha«ckel) 


CLASS  TI.— INFUSORIA.* 

Protozoa  with  a  definite  form  and  provided  vrith  an  external 
membrane,  bearing  either  Jlagella  or  cilia.  Mouth  and  anus  uauaily, 
contractile  vacuole  and  one  or  more  nuclei  always  present. 

Infusoria  were  discovered  towards  the  end  of  the  17th  century 

*  Ebrenbei^,  "  Die  Infosionsthierchen  aU  ToUkommene  Organismen,"  1838. 
Balbiani,  "Etndes  gor  la  Reproduction  des  Protozoaires,"  ^»nrn.  (!<■  la  Phyt., 
Tom.  III.    Balbiani,  "Becherches  gur  les  phtoom6nes  sezuels  des  Infusoires," 
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in  a  vesst'l  of  stiignunt  wnttr  by  A.  von  Le>euwenlic>ek,  who 
use  t)f  II  iniignifying  glnss  for  the  ex;itniuatioii  of  Kninll  orgnnismi. 
The  name  Infiuioria,  which  was  at  first  ui^ed  to  (Jenut«  all  nnininJcul* 
wliich  iip|>eitr  in  infusions  and  ai-e  only  xisible  witli  tlie  aid  of  • 
uiicrc>!«ope,  wiu*  first  brought  into  use  by  Ledei-miiller  An^L^V^i#b«TJ 
in  the  Inst  centiuy.  Later  on  the  Dnnish  naturalist  O.  Fr.  Mailer 
mado  valuable  additionfi  to  our  knowledge  of  Infusoria.  Heot.-  ' 
thuii'  conjugation  and  their  i-epi-oductiou  by  fission  and  geui:i 
and  wrote  the  first  systematic  work  on  the  subject.  O  Fr.  M« 
inchided  a  mu-h  larger  number  of  forms  than  we  «lo  novi--*H 
for  he  placet!  among  the  Infusoria  all  invertebrate  water  Auin 
cu1h>  without  joint«d  organs  of  locomotion  and  of  luior 
size. 

The   knowle<lge  of   Infusoria   received  a  new  impnUe   frooi 
compi-ehensive  ivsesii'chfts  of  Ehi-enberg.     The  principal  work  of 
investigator,  "  Die  Infusiousthiei-cUeu  als  vollkoiiimeue  Orgiuiis 
diwovei-ed  a  Idngdom  of  organisms  haitlly  thought  of.     These 
ol)sei-ved  and  jiortntyed  under  the  highest  microscopic  jwwerM.    MiuTr" 
of  Ehrenberg's  drawings  may  even  yet  be  taken  as  patterns,  and  urt 
hiu-dly  sur}visf^ed  l>y  later  representations,  but  the  idgnificarice  of 
facts  obser\'e<l  has  lieen  e>seutially  corrected  by  more  i-ecent  inv 
gatioiis.     Ehrenberg  also  concede*!  too  great  an  extent  t«j  the 
of  Infusoria,  including  not  only  the  lowe.st  plants  such  ns  Diato 
Dftiniilincni',  under  the  name  of  Polyyustricii  iiiientera,  but  also 
much  more  highly  orgunisetl  Jiolifeift.     As  he  chose  the  orgitnizati 
of  the  last-niune<l  for  the  basis  of  Ids  explanations,  he  was  led  it 
numerous  eiTors.     Ehrenberg  ascribed  to  the  Infusoria  month 
unus,  stomach  and  intestines,  testis  and  ovary,  kidneys,  seiistMWg 
and  a  vii-scular  system,  without  lieing  able  to  give  reliable  statement  rf 
the  nature  i>f  tliesc^  oi'guus.     There  veiy  soon  cnme  a  reaction  in  i 
way  of  regarding  the  Infusorian  structure;  for  the  discoverer  of 
lihixojxjdu,  Dujnnlin,  as  well  as  Von  Siebold  and  Kiilliker  (the  U 
taking  iutoconsidenition  the  so-called  XuckuH  auil  .\' uclroluu),  I'efer 
the  Infusorian  IkkK'  to  the  simple  cell.     In  the  subse<juent  woHui 
Stein,  ChiiMirWe,  Lachmann,  and  Balbiani  numerous  dift'ei-entiatifl 
were  cert-tiinly  sluiwn  to  exist,  which,  however,  cam  all  lie  refe 
to  diH'erentiation  of  the  body  of  the  cell.     This  view  is  fiu]>p<>rted  I 

Jimiii.  ilr  Iti  Pill/:.  Tom.  IV.  ClBpniitli-'  uiid  Lnrlimniin.  -  fctnilc-  !<ur  If 
luJufwansi  ct  le*  hhiiopijilM,"  2  vol.  (iiiiievr.  IS'iS — IHrtl.  K.  Hneckcl,  " Zu-' 
Mi<n)l>oli'piu  'Icr  Infu-orica"  Jm  jditurhrift.  Tcra.  VII..  Is7«.  O  But«cWi. 
'■8tudicii  Uber  ilii'  cr»icn  Entwicki'luacrnrgaiiRi-  iles  EiwUe.  ilic  ZcUtheiloBt 
ami  die  Conjugation  ile«  Infasorien,"  Knuikfurl.  IS76. 
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lie  more  recent  work  of  Butschli,  who  bus  shown  tliat  tlie  i-^pro- 
dnction  of  tliese  iiniinals  is  essentially  similar  to  that  of  the  cell. 

The  outer  boimdaiy  of  the  body  is  usually  formed  by  a  cuticle,  a 
delicate,  transparent  membrane,  the  surface  of  which  is  beset  w-ith 
TibratiJe  and  moving  apfpcndufres  of  various  kinds  arranged  in  regular 
order.  In  the  ^malleJ^l  Infusoria,  the  FlagdlaUi,  wo  find  only  one 
or  two  long  whip-like  ciliji ;  while  the  more  highly  diffej'entiated 
f'JinOt  are  usually  richly  provided  with  cilia.  According  to  the 
van,-ing  thickness  of  the  external  membrane,  which  cannot  in  all 
cuies  be  if»lated,  and  accoi'ding  to  the  different  condition  of  tlie 
peripheral  parenchyma  of  the  body,  we  get  forms  which  change 
their  «hape,  forms  which  have  a  fixed  shape  and  armoureil  forms. 
If  the  simply  organized  FIngellata,  which  prei-cnt  numerous 
ities  unil  transitional   forms  to  the   Algae  and  Fungi,  are  not 

ntirely  removed  from  the  region  of  the  Infusoria,  the  two  principal 
groups  to  be  distinguished  are  the  Ciltata  and  FUigeUatn. 

Order  1. — Flaoellata.* 
Infutaria  of  small  »i:e,  cluiraelerised  hy  jMgatiinng  one  or  more  long 
}itip-likf  cilia,  uauaUy  placed  at  one  etui  of  the  ornl  Itody.     A  row  of 
Uia  »omeitmes  and  a  nuaeua  always  present. 

The  Flagrellata  ai-e  Infusoria  the  locomotive  orgivns  of  which 
9Uid>t  of  one  or  more  whip-like  cilia,  rvirely  with  an  accessoi-y  row 
of  dliB.  They  pivss  through  an  inactive  stage,  and  in  t*lieir  develop- 
ment a*  well  as  in  their  mode  of  nourishment  are  allied  to  cei-tain 
Fuxigfi. 

Tlie  reasons  for  i-egarding  the  Flagellata  as  Pi-otozoa  are — the  perfect 
contractility  of  the  body,  which  us  not  surpassed  by  MjTcomycetes 
in  the  mustigopod  stage ;  also  the  contractility  of  the  cilia,  the 
apptirently  purposed  and  vohintjiry  movements,  the  occurrence  of 
amtractiU  vacuoles,  and,  as  has  been  establishes!  in  many  casai,  the 
reception  of  solid  subst4inces  into  the  body  through  an  opening 
lU  the  bese  of  the  flagellum.  Nevertheless  these  phenomena  are  by 
no  means  a  test  of  animal  organization. 

The  Monadinee  are  a  large  gi-oup  of  Flagellata,  found  for  the 
Host  part  in  putrefying  infusions,  (uid  are  luird  to  <listinguish  from 
lie  monads  usually  i-egarde<l  as  fungi.    They  repitjduce  themselves  by 

BMtdes   Ehreuber^.  Claparede,    and    LAchnmiin,  loc.  cit.,  comnnru   Stein, 

rnis  der  Infiiaidnsthiore,"  Tom.   (H.,  187S.     Biltschli,  "  Bcitrfige  zur 

[>  iliT  Fbi:cllalcn."     Xriturh r.  fU r  lIVx*. /Ski/..  T<im.  XXX.     Dallinuer 

... i.lale.  ■•  Riscirches  ou    tlie   Life-historj  of    the    Moiiafis,"  Monthly 

1ifromft>p.    JoHrmil,  Tom.  X. — XIII. 
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transvei-se  fission,  iind  also  by  spore  forniiuioii  in  an  encyRted  ocmdSwBf 
the  liitt«r  method  setnis  in  m»ny  foiins  to  be  preceded  by  caujo 
gation.  The  best  known  species  uro  Cercontonaa  Duj.  iind  Triehomo 
Donn^,  of  wliicli  the  fii-st  iw  chanM;tc>ri*e<l  by  the  possession  of  a  r«od 
hliiiiient,  while  Trichouioniis  him  im  undnliiting  ix>w  of  cilia  dos*  ' 
the  flitgellu,  which  are  iisunJly  two  in  numl)et-  (fig.  133).     They  lii] 
prineipidly  in  the  intestines  of  Vertolinites,  bwt  are  alsii  foiinil 
Invertebrates.       Cercomoiuis    intextiiMji^    Limibl.    and    Trichoiiu 
vaijiiuUit  Donne,  are  found  in  Man. 

The    Moiuids,*    whieh    cannot    be    slmrply    separated     from 
Monadin/e,  are  simple  cells  free  from  chlorophyll,  the  swarm  sporw  J 
which  DsuaUy  puss  into  an  amoeboid  stage,  and  after  receiving  non 
ment  enter  ujion  ii  motionless  stage  characterised  by  the 
of  a  firm  celi-uiembraue.     A  mimber  of  them  {Monas,  Pa«u 
ColpoddUt),  the  so-called  Zoospores,  ai-e  mastigopods  resembling 

mastigopods  (swarm  spores)  of  Myi 
mycetes,  and,  with  the  exception 
Coljxxlelltt,  grow  up  to  creeping  Amtrhir 
wliich  protrude  pointed  pseudo|j 
In  this  stage  they  may  aJso  be  simp 
regai-ded  iis  ^mull  piiismodia,  esp 
when,  as  in  Muiuts  tuiii/li,  several  ma 
go]K>dg  fttse  together  to  form  the  ama>b 
They  then  t»ike — in  f'olpoiirlla  withmin 
first  entering  the  amteba  stjjge— «  glolra- 
luT  form,  their  surface  develops  a  mem  bra  no,  sind  in  this  cyst 
break  up  by  division  of  pixjtophisin  into  a  number  of  segments  whi 
jMiss  out  as  swurm  8poi>e8  and  lejKsit  the  course  of  developing 
(ColjMxlel/a  pugiuix  to  ChUuiiifdoiiiomis,  Ptieudogpora  roloocit). 

Other  Monads,  the  so-called  Telrapliuta  (Vampi/rellft,  yuetti 
do  not  pass  thi-ough  the  miisligoptxl  (swanii  sjKire)  stJige.     Their] 
toplasm  during  the  imictive  encysted  stiige  gives  rise  by  division  in 
two  or  four,  to  the  same  nuuilier  of  Actinophrys-like  Amoebie,  i 
which  some,  like  Coljxxiella,  suck  their  uouiishment  from  alga  ( 
(Spirogvni,   Oe<logoma   Diatomacea,    etc.),   and   some   envelope 
traneous  bodies. 

In  mode  of  nourishment  and  locomotion  the  monads  are  iilUed  ( 
the  Rhizoiiods,  but  also  to   lower  fungus  forms  like    Chytridin 


y 

FtO.  13*1. — n,  Ccrtnmtma*  imtfttiiutli*. 
b,  Triehomomtt  "vaginati*  aftor  n, 
Lcackarl). 


*  L.  rieiiknwbki,  "  Bcitratfc  r,ur  Kcntniss  tier  Moiiddcn."  Arrhir 
Mirrofk.  AMatiimir.  Tnin.  I.,  IMiii.  L.  (.'icnkuwski.  "  Ubcr  ralautlUo-co 
•Inigc  KlajKllMcn. '  Ti.in.  VI..  1M70. 
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In  their  whole  developmental  cycle  they  agree  very  closely  with  uni. 
cellular  algii?  and  fungi ;  still  the  analogy  to  the  developmental 
processes  of  muny  Infiisoriji,  Auip/iilepltis,  is  not  to  be  passed  over. 
Spaiittllu.  vulgaris  {leriiio  Ehrhg.)  of  Cienkowski  shows  a  somewhat 
different  development  and  cyst  formation ;  it  i-eceives  solid  food  (by 
aid  of  the  food  vacuoles)  and  is  lixed  by  a  fibre,  as  also  Chromnlina 
nthulo^a  Cnk.,  and  Oc/iracea  Ehrbg. 

A  second  group  nesirly  allied  to  the  Algiu  {Protocaccitcca)  is  that  of 
the  VolvocinidiK.  These  organisms  consist  of  colonies  of  cells  united 
by  a  common  gelatinous  substance,  and  the  following  clniriicteristics 
icate  their  close  relationship  to  the  Algie : — (1)  in  the  inactive 
they  possess  a  cellulose  membnine ;  (2)  they  exhale  oxygen ; 
J)  they  possess  an  abundance  of  chlorophyll  and  of  vegetable  red  or 
brown  coloured  oils. 


IM.— .^ybaa  alrUit.  a  luul  i.free  BWimmioK,  io  different  Btatet  o(  contractinn.    r,  <l,  t, 
euoyst^d  auU  in  process  of  division. 

tring  the  motile  sbige  they  possets  the  power  of  repi-oduction, 
the  individual  cells  give  inse  to  daughter  colonies  inside  the 
notber  colony.     A  sexual  reproduction  (conjugation)  liivs  also  been 
shown.     Certain  of  the  mother  cells  increase  in  size  and  divide  into 
numerous  microgonidia  corresponding  to  spermatozoa ;  others  grow 
to  lai^  ovicells,  which  arc  impregnated  by  the  foraier,   and   then 
^Mrround  themselves  with  a  capsule,  and  sink  to  the  ground  as  large 
^pH--shape<l   cells.      They  also   reproduce   themselves   during    their 
period  of  inactivity  by  fission  within  the  cellulose  cap.siile,  while  at 
the  same  time  a  change  of  colour  takes  place.     Amongst  the  best 
■bown  of  the  Volvocina  are   Volvox  glolxtlor,  Gonium  peetordh,  Ste- 
^hanotplurra  plitvinlit. 

The  A»tii«i(uUi}  are  contractile  unicellular    FkujdltUa,  which   are 
Sed  to  the  VolvneinitUe  in  their  life  phenomena,  but  they  take  up 
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BoUd  nutiiment.    The  best  known  genus  is  Euglena,  which,  accor 
to  Stein,  Las  a  mouth  and  gullet. 

In  their  inactive  stage  they  s-ecrete  a  capsule  and  divide  up 
parts  which  pass  out  as  mastigopods.     EuyUnu  riridit  (tig.  134), 
sanguinoleiita.     Another  genus,  also  with  u  mouth,  is  Astasia  £hrli| 
A.  trtoJwpfiora  Ehrbg.,  with  rounded  pasterior  end,  a  very  long  flus»l- 
hull,  and  an  aliruptly  temiinateil  anterior  end. 

The  genera  Saipimjoeca  and  t'udoaiija  described  by  Clark  wew 
included  by  Biitschli  under  the  name  C</lioonuutujea,  on  the  groooil 
lliat  they  pos.'iess  a  well-marked  collar  surrounding  the  Imsis  of 
dagelliuu,  and  corresponding  to  the  colLir  on  the  eiito<leriu  cells  i 
the  Sponges  (hence  Clark  regarded  the  Sponges  as  most  ue 
i-elate<l    to    the    FLigellatii) ;    Codosiga    BotrytU    Ehrbg,    for 

colonies,  poeses.sing  food  ra 
which  contain  the  solid  bodie.-:  token 
up  us  nutriment,  with  nucletu  lunl 
contnictUe  vacuole. 

SalpiiufOfca  Chirkii  Bittscb.  (^ 
individuals  of  this  spi«cies  {Xkue^i 
shell). 

Another  gwup.  tlie  CUiojUngtl- 
lata,'  is  chaiTicterised  by  the  ; 
sion  of  a  row  of  cilia,  situated  io| 
furi-ow  of  the  hard  cuticubir  el 
skeleton  (iig.  13.)),  in  addition 
the  flagellum.  The  Peridiniar,  : 
of  which  ai-e  of  peculiar  uppeumnceT 
with  hirge  lianitni  pi-ocesses  of  the  shell,  belong  to  the  group,  and  at* 
allied,  so  far  as  theii-  development  is  known,  most  netu-ly  to  ti» 
Evglena.  The  mouth  Ues  in  a  depression  ;  there  is  sometimes  a 
kind  of  gullet,  at  the  end  of  which  the  nouri:^hing  materiHln  piu> 
into  a  vacuole.  In  addition  to  the  lotnmotive  and  ui'iuoured  fonius 
there  are  also  some  without  shell  or  organs  of  locomotiuu  :  and  agUD 
there  ore  encysted  stages  in  the  interior  of  which  a  number  of  atnall 
young  forms  arc  sixid  to  take  theii-oi-igin  {Ctratium  comutum  Perhp., 
I'eridiniuin  Uibulatuin  Ehrbg). 

Finally  XoctUitciif  is  included  in  this  group.     It  is  lui  inhabitant 


Fio.  IS6.— £Vni>>««i  trifM  (ntter 
yuuchl. 


•  R.  .s.  Bcrgli,  •'  Dor  Or^nitimiu  Jcr  CiliofliigclUtcn,"  JUnrji/i.  Jnhrf,.  Xm 
VIL 

L.  Cienkownki.  "  Uclier  A'aetilvoa  viilUirit,"  Arrkir.  ftir  utkrwk. 
tomie,  1871  iinil  1872. 
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of  the  sea,  and  poneMBs  a  pench-shiiped  body  which  is  suiTounded  by 
a  cuticular  envelope,  and  beiirs  a  tentiu'le-like  appendiige.  A  fun-ow- 
like  invapniition  is  sittuite  iit  the  liase  of  this  uppendage,  at  one 
end  of  which  is  the  mouth  close  to  a  tooth-like  prominence  and  a 
slender  vibmtile  flagellnm.  The  (oft  body  consists  of  a  central  mass 
of  conlniftile  protopla-sni.  c<>;inecte<l  by  fine  and  nniisbomosing  thi-eads 
with  a  layer  of  the  same  suhixtance  which  lines  the  cuticular  envelope 
of  the  l)ody.  In  thecenti-al  pif>(opl;usui  lies  a  clear  body,  the  nucleus, 
and  the  spaces  lietween  the  mdiating  processes,  which  exhibit  the 
phenomena  of  gronule  currents,  are  tilled  with  fluid.  The  contractile 
ibt^nce  extends  into  the  appeniUige,  and  there  assumes  a  cross- 
ipe<i  appeai-ance  (tig.  136). 


no.  VM.—ynrliliKa  miliaru  (partly  nfler  Cicukowski).    X,  Ma- 
vleat.    a,  Binffle  anhnkl.    h,  conjagntion  of  nro  individiuls. 
,  <■  ostl  d^  swiirro  sjiorvs. 


The  repnxluction  tiikes  pLice  by  means  of  fission  (Brightwell),  pre- 

Jed  by  di>asion  of  tlie  nucleus  ;  or  by  spwre  formation  (Zoospores). 

the  latter  citse,  the  flaijelliuu  is  absorbed  or  thi-own  ort",  and  the 

foctiluca  Jissumes  a  spheroidal  shape.     After  the  disappearance  of 

be  Docleus,  the  sarcode  contents  accumulate  on  the  inner  side  of 

!  region  of  the  cuticle,  divide  into  fr'om  two  to  four  masses  which 

not  iJjai'ply  sej>arated  fivjm  one  another,  and  tlie  cuticular  envelope 

thmst  out  into  a  corresponding  number  of  pi-otubeninces.     These 

tjds  increiuse  and  form  n\imerous  wart-like  prominences,  the  future 

ores.     They  arise,   therefore,  at  the  exj)ense  of  the  protoplitsmio 

intents   of   the  disc,  which  is  gradually  exhausted   in    theii-    for- 


198 


PBOTOZOiL. 


nuition.  Tlie  buds  separate  themselves  from  the  membntne  anJ 
become  free  aa  smHll  spoi-es,  with  nucleus  and  cvUndrical  appendag*. 
to  assume  the  Noctiluen  form  under  circunistjiuceis  which  have  u 
yet  not  been  closely  observed.  According  to  Cienkowski,  conjugation 
may  take  place  between  normal  forms  as  well  as  lietween  eucys 
forms. 

The  A'octiliicii  owe  their  name  to  their  jxiwer  of  pivKjucing  ligh 
power  which   they  share  with  ntimerous  sea  animak,  such 
Me«iiis8e,  PjTosoma,  etc.     The  light  pr 
from    the    jieripheral    layer    of     protopla 
Under  certain  conditions  they  rise  from 
depths  of  the  sea  to  the  surface  in  such  ena 
mous  numbers  as  to  cause  wide  tracts  of 
sea  to  give  out  a  retldish  light.      It  is  afu 
sunset,  and  especially  in  the  evening,  wli 
the  sky  is  overcast,  that  we  get  the  beautif 
plienomeuou  of  the  phosphorescent  seo. 

The  species  distributed  in  the  Niu-th 
and    in    the    Atlantic    Ocean    is     .WtctUt 
M.iliarig.     Nairly  allied  is  the  Medit^n-uaeu 
Lejytodiaciit  mtuhisuidt*  R.  Hertwig. 

Order  2.— Ciliata.* 

Cilinted  Inftuoria   inth  moutft  attd  ann 
sareode    body  of  coinplicttted  ttrttctvrt  (* 
tndopfaain  oiid  eroplium),  icitfi  nudeut  and 
jMiranuclewi  (nucleolus). 
P.O.  i87.-«w»«»«*.v.  n,iiu.      The  locomotive  cuticular  appendages  lh»l 
(after  stciu),   (noon  from  we  most   frequently  meet  witli   aif  slender 

venlnil  »1iIb).     H'«,  Artoral      .,.  i_-   i       r^  .1  ■     1  ,  # 

Kmeof  ciii«i  ccontmctuo  <""».  ^hich  often  cover  the  whole  surfiw*  of 

racuoie  i  y,  nncicuB ;  A",  the  IhkIv  in  close  rows,  and  give  it  a  strinnl 
(Mnnncleaa  i  ..1,  auua.  *  _         . 

appearance.     1  be  cilia  are  usuull}-  sti<onger  in 

the  region  of  the  mouth,  and  ai-e  hei-e  gi-oujjed  so  as  to  form  au 
adoral  zone  of  large  cilia,  which,  during  swimming,  causes  a  whirl- 
pool, and  conducts  tlie  matter  which  serves  as  nourishment  into  the 
mouth  (fig.  1:17).  This  adoral  zone  is  moi*  highly  developed  iu 
fixed  Infusoria  such  as  the  bell  aninuUcvIe,  the  siu-face  of  which 
has  no   regular  arrangement  of  cilia.     In  these  animals  thero  un 

•  Bl-siiU'h  EhrenlxTp.  Clfti>an!-de,  Lnchmann.  Biitschli.  1.  c.  eorapare  ej{«..:iiJ'', 
Fr.  Stein,  "  IJcr  Orgunismiu  dcr  lufusiouslliiciv."  I.  and  II.,  Leipsig,  idii'J  .111.! 
18C7 
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one  or  more   rings  of  large  ciliu  roiinJ  the  edge  of  ii   itiised  lid- 
like flap  which  is  capable  of  being  shut  down.     There  is  also  an  in- 
ferior row  of  ciliu  upon  this  fliip  running  to  the 
uioutli.     The    free-swimming    Infusoriii    often 
poeeeRS  iu  iidditiou  to  th>>se  delicute  cilia  and 
looes  of  ciliu,  thiclcer  huirs  and  stiiT  bristles, 
ml   moi-e  or  less  bent  hooks,  whioli  are  eni- 
ttoyed  iu  locomotion  and  for  attnchment. 
Certain  tixed  Infusoria  ms  Stentor  (tig.  138) 
)i]    Cothnrnin    secret*    e.xtermil    coverings   or 
tielLs    into    which    they     retjflct    themselves, 
fourishmeut   it   taken   iu  in  a   few  cases  by 
'endosmosis  through  the  whole  surface  of    the 
body,  t.ij.,  the  paiusitic  OpiUitui.     The  Aciuetu 
feed   themselves  by  sucking  the  body  of  their 
They   ai-e   without   a   mouth,    and    ai-e 
aipiible  of    taking   in   solid   food.     But   they 
a  number  of  long,  narrow,  contractile 
rlt>s,   which    nidiate   from  the   surface   of 
iir  hixlieH,  and  have  the  form  of  delioite  tube.-;, 
eniing  a  structureless  •external  wall  and  a   fig.  13s.— Amtor  Sw/u 
i-ttuidgianularaxis.     The  Acineta  applies      ^l^:;^  i"^ J^l 

or  more  of  these  organs  to  the  body  of  an      gniict;   pv,  piUsotin^ 
_.  •  1  ri_  1    i  r       vacuole ;  JV, nueleos. 

extraneoas   organism,  wlien   the  substance  of 

I  the    latter  travels  down  the  interior   of   the  granular  axis  of  the 

Bntacle   into   the  IkmIv  of 

the  Acineta  (tig.  139). 

By  far  the  greatest  uum- 

it  of  Infiu«.>ria  possess  an 

Dnil   aperture,  usually  near 

the   anterior    pole    of    the 

dy,  and  a  second  aperture 

L'bich    lu'tf    as   anus,    and 

K'hich    can    lie   seen    in    a 

jetiuite  part  of  the  l)ody  as 

slit  during  the  exit  of  the 

sxcret*. 

The    boily    paj-enchynia, 

v^hich   is   bounded   by  the 

^extenial     membrane,     is 

divided   into  a  ^-isdd  exoplasm  and  a  more  fluid   endoplasm,  into 


Fio.  130.  —  j<<!>«»<«  /rrrnKirjvKiKin  Glir1>)r.,  which  t» 
unckiug  tho  body  of  h  sniiill  Inf  ii»oriiiii  (Enrhaly») 
(ufier  Latlimaim).  r,  «uclciiig  tentacle ;  I'.VKcnolej 
y,  Duclcua. 
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which  a  slender  lesophagus,  raivly  supported  by  timi  rods  (Chilnlon, 
Na«mda),  often  prujects  (tig.  140).  Thi-ough  this  the  food  istitf 
passes  into  the  endoploisiu,  in  which  it  gives  rise  to  food  Ta£W>l«. 
The  liLtter  undergo  a  flow  rotiiting  movement  round  the 
the  endoplasm,  which  is  cnused  bj'  the  contractility  of  the 
During  this  proceiss  the  food  is  digested,  and  finally  the  solid,  asete* 
reuminder  is  ejected  thi-ough  the  anal  aperture.     A  digestive  «:uiV 

bounded  by  distinct  walLs,  existi>   no  more  than  do  the  nun 

Ktomachs  which  Ehrenberg,  who  was  deceived  by  the  food  vacuoles. 
tt.sciibed  to  hi.s  In/itsorifi  ]>oli/ga.»trica.  In  all  cases  where  a  digostivf 
canal  hu,s  been  dewribed,  we  have  to  do  witli  peculiar  strings  and 
trateculie  of  the  internal  pai-enchyma  which  enclose  in  their  ini 
stices  space.s  tilled  with  a  cleau'  liuid. 

The  more  viscid  exoplasm  is  pre-eminent 
to  be  If  gardetl  i\a  the  mott>r  and  senin^iry  law 
of    the    body.     In    it   we   lind   ditlt-rentiatiuD» 
resembling  muscles  (iS'tejitor,  the  stalk  of  Vurti- 
celh).    Sometimes  small  rod-shnpeil   l>o<lie^ 
present  {e.g.,  Bnrmria  leuc4ts,  .\'as»ttj/i),  whi 
are  companible  to  the  threiid  cells  of  TttrtxHa 
and  Ciritnternla.  The  contractile  vacuoles  npp»' 
as  further  diflenmtiations  of  the  external  Inyi 
sti-uctnres  which  to  the  number  of  one  or  mi 
are  found  in  quite  definite  jKirtions  of  tlie  bod] 
They  are   clwii',    mostly  sphencal   sjiaces   filli 
with  a  tl\)iil ;  they  diminLsh  suddenly  and  tlu'D 
vanish,  but  piiuluiilly  reappear  and  inereii?e 
their   origiuul    size.     These    pulsating   vactioii 
are  usually  connectoil  with  one  or  more 
swell   considonibly   during   the   contmction 
structures  have   la-en  compared   to  the   wati 
vascular  system  of  Rolifera  ami  Turbdlaria,  and  have  been  expl 
as  excretory — an  interpretation  which  has  in  its  favom-  the  fact 
the  contnictile  vacuoles  in  certain  ca-ses  open  to  the  exterior  throui 
a  tine  {M)re  at   the   surface,  through    which  giiinules   puss   to  t^ 
extonor. 

The  nueUua  and  nucUolvu  lie  in  the  exoplasm  of  the  infusoi 
Iwdy.     The  uiic/etiji,  which  ten  yeni-s  ago  wivs  compared  to  the  nuclei 
of  the  simple  cell,  is  a  structure  of  variable  shape  but  with  a  di 
jKjsition  in  the  boily.     One,  or  more  thjin  one,  may  be  pre<»nt. 
i)ii  sometimes  round  or  oval,  sometimes  elongated,  being  dmwn 


UM 


Klo.  \Uy—CHIo.loK  cncttl- 
/w  (after  Stein),  wilh 
irnllHt  rcwmbliiiB  n 
fikU-bniikct.  A',  niielonii 
wltb  nuclcolui,  cicrein 
lire  pMBBing  ont  of  tbu 

KUIU. 

like   lacuna*,  which 
the  vacuole.     These 


the  shape  of  a  horse-hihoe  or  a  band,  and  may  be  broken  up  into 

number  of  frugments.     It  contains  a  graniiliir  vwciJ  sub.stunoe, 

boundetl  by  u.  delioite  ruembniue,  and. 

cortling  to  the  erroneous  views  of  Stein 
ad  Bolbiani,  gives  rise  to  ova  or  to  germi- 
u&l  spores.  The  nucleoliui  or  paranucleus 
al>n>  varies  in  form,  position,  and  number 
in  lUfl'erent  »pecies.  It  i.s  always  much 
cviuaUer  than  the  nurleius,  and  is  strongly 
iffractile ;  it  usually  li&s  close  to  the 
uucleu.s  or  even  sunk  in  a  cavitj'  of  the 
latter.  Both  play  an  important  part  in 
the  reproduction  of  the  Infusoria. 

The  mos-t  usual  method  of  reproduction  in  the  Infusoria  is  by 
6^on.  When  the  forma  reproduced  i-emain  together  and  connecte«l 
with  the  parent,  a  colony  of  Infusoria  is  formed,  e.g.,  the  stocks  of 
KitijitiflU  ;iud  Citrchfuium.  Fission  usually  ttikes  place  by  a  tiiins- 
\  er-<'  division  (at  right  angles  to  the  long  axis),  as  in  the  Oxi/lric/ii/la; 


Fig.  hi. — «,  .iafiiiitctt  }j/ncit»ftr 
(uftcr  Stein).  h,AiijndtAeti  i^ilfnty. 
la,  duriuy  liMtoD  (uftur  Stein). 


N 


Is.  XH.—Poia^rfa  jjrmmtiMf^i  (afi^r  R.  Hurtwiff).  u.witb  ext«uiled  suctiun-tulrca  and  pre- 
I  betuilB  teuucl««,  witU  iwu  luulratiilr  vacuolca.  b,  the  Mune  with  riiw  butlt,  in  whlob 
r  |>njcrj«e>  of  tbe  bnuicbert  nurlciu  -V  eui«r.    c,  free  yoang  form. 

'tf-ntoridtr,  etc.,  and,  olieyiuj;  iletinite  laws,  follows  conjugation  and 

ivinion   on   the  one  hand  of   the  nuclei,  and   on  the  other  of  the 

iicleoli  (tig.    141),     Less  frequently   (VoHicellu)  the   tission  takes 

lace  through   the  long  axis  (tig.    143,  «,  li),  and  far  more  rarely  in 

diagonal  direction.     The    asexual   i-cproduction   is  often  pi-eceded 

encystment,  which  appears  to  be  of  great  importance  for  the 
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preservation  of  the  Infusoria  fioiu  dtwiccation.     Tlie  animal  ] 
it8  cilia,  contnictti  its  Ixuly  to  a  ^lobulai-  moRs,  and  then  swrcftcti 
triin-spareut  cyst,  which  harden!)  and  protects  the  animal,  thoii  i 
abling  it  to  aui-vive  in  damp  air.      In  the  water,  the  contents  of 
cyst  divide  into  a   number  of  parts,  which  attain  freedom  by 
hui'sting  of  the  cyst,  each  one  becoming  a  young  animal. 

Moreover,  many  Iufii-«>ria  (Acinettr)  produce  with   participatM 
of  the  nucleus  a  uuuil)er  of  buds  asexually,  which  separate  th 
selves  from  the  walls  of  the  parent  body  (fig.  ]  42).     The  lirood«  ( 
Sphrerophiya  make  their  way  into  the  interior  of  other  Infua 

^^  as     Pnraninvium 

I  nr  v^^^  Stylonychia,  nourit 

themselves  at  the 
of    the    enlarged    nu^ 
dens,    and    form 
bryos  by  tis^on.   Thd 
embryos     swiu-m    og 
and   were    for  •   lo 
time   taken    by 
for  the  embryo 
of      Stylonychia     (£ 
144,6). 

The  prooew  of  coo- 
jugiition  r>b6erve<I 
Leeuwenhuek  and 
Fr.  Miiller  is  vm 
general,  and  is  con- 
nected with  chang 
of  the  nucleus 
nucleolus.  Thei 
changes,  which  pill 
rise  to  the  errone 
intei-jji-etation  of 
two  structures  a«  ovary  and  testi.s,  ai-e  in  i-eality  simply  prepivnitfl 
to  a  process  of  regeneration  of  the  nucleus  by  paits  of  the  par 
cleuK.  a  process  conipanible  to  the  phenomena  of  the  fertilization  I 
the  ovum  in  sexual   repii>duction. 

The  conjugiitiou  of  two  Infusoria  occurs  in  veiy  diffei-ent  wavs,! 
leads  to  a  more  or  less  complete  fusion,  which,  after  rogeDemtiol 
of  the  nucleus,  is  followed  by  an  inci-ense  in  the  fiHxjuency  of  fisoifl 
Pnranufcium,  StetUor,  Sjnroatouia,  during  conjugation,  become  coo- 


Fio.  1 13. — VortieflKi  mierottoma  (nltiT  Stciu).  rt.  In  proOMW 
of  flKUon  i  .V,  iiiicleiiil ;  the  nutiiih  a])piiniliiH  in  oncb  ptir. 
UoD  la  fonnotl  afreBb,  ot,  pullet .  h,  FiKHinii  ix  com|ilct«<l, 
the  sruAllcr  prodaot  it  wl  froo  nfter  the  rurmitttun  of  h 
liOhloHor  rin^  of  cilia ;  *r,  udoml  tone  of  cUia.  r,  Vorti- 
cclln  Id  proconB  uf  bud.like  conjugntioa  \  JT,  the  bud-like 
iniliviiluultt  atiacbed. 


OOSJTTOATIOX   OP  OILIATA 

id  by  their  ventral  surfaces  <  other  Inf usorift  with  a  flat  Ixxiy  like 

■c/iiiut,    Chilodon,    by   their  sides ;     while  Etidielys,   Ilnlteria, 
t8,  join  together 
interior  extremi- 

if   their  IxHlies, 
^    the    uppear- 
of     tnanB^■eT8e 

n.  A  lateral 
{ligation  also 
place  not  un- 
lently  in  Vorti- 
TruJiodinn,  etc., 
een     indindunls 

equal  uiw.  the 

»r  one  having 
tppearuncc  of  a 
(liiid-like  conju- 
)(6g.  143,  c). 

alterations  ''">'  i**—",  St/lem\iekia  mylUm,  hi  procew  of  cnDJDKBtion. 

,                  .  The  uucleub  i«  (Iepict4>d  t  nriog  diviAion  (Bftlbuim's   no- 

the      nitcleus  cuUpd  ovn);  tUe  nucleoli  liBvodividod  Into  four  sphere*  (»up- 

iXimntt'Cl^mi   un-  Iifwed  iipormcfip6iiJ««).     6,  Stylonj/ekia  filled  with  panuiUc 

■^            ,  Sykirrophrya  (after  Uiilt)iaui)< 

during     and 

conjugation  have  been  esjiecially  worked  out  in  Paraniacium  and 
ye/tut  (fig  144  a,  145).     When  several  nuclei  are  present  they 


■ — Stflonychui  mj)tilut  In  prnoew  of  cotijugution,  sliKhtly  mim^nifled,  (treiOod  with 

■uad),  (nner  BuMcbli).    u,  Stafre  of  conjutpntion  with  two  nucleoli  (|>aninueloi) ;  Nk, 

\x  piectM  into  which  the  uucletu  haji  dividcil  in  each  indivifluul.  b,  Btugeuf  conjnira' 

Vltli  fuur  nucleoli,  of  these  .V'  become*  the  uucIcua,  iind  n'  the  twu  Duclo<:ili ;    ..Vi,  the 

Of  the  old  nucloos.     r,  8if  lonyehia  on  the  nixth  daj:  after  conjug*- 

two  nucleoli. 


[together  to  form  a  single  oval  body  (Balbiani),  the  substance 
ich  takes  a  finely  fibrous  structure  previous  to  further  fis.sion, 
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like  the  substance  of  a  tn»e  cell  imrleus,  when  nndergoing  diviaoul 

The  piiunucleus  too  increaiies  in  sull 
iiud  becomes  Btriated,  aud  divides  into! 
!i  number  of  bodies  by  a  single  or  re-j 
peated  division.  Some  of  tlie»« 
produced  by  the  division  of  the  nuoU 
and  piraniicleus  disappear  or  are 
out,  and  others  are  employed  in  tit 
formation  of  the  new  nucleus  aai 
pan»nueleu8.  The  processes  of  repent- 
ration  lU-e  for  the  mast  part  not  com- 
pleted until  the  conjugating  aniiniJ$ 
have  separated.  Conjugation  is  profa&Uj 
followed  by  a  repeated  division  (fig.  U6)i 

The  mode  of  life  of  the  Info 
which  principally  inhabit  fresh  w»w 
Ls  very  various.     Most  of  them  lead  *aj 
independent   life,  ami    take   up   lar^l 
or   smaller   bodies,   even    Rotiferu,  M 
nciuri8hmeut.     Some,   h»   Anip/illfjjtu4, 
(select  fixed  Infusoria,  as  Epint'/lU  nud 
Garcheaiwrn,  for  their  prey,  and  swallow  them  down  as  fju-  as  the 
origin  of  the  stalk ;  they  then,  while  fixed  on  the 
stalk,  secrete  a  oipsuli-,  and  diWde  up  into  two  nt 
moi-e  individuals,  which  pass  out.     Certain   Infu- 
soi-ia,  as  the  mouthlesa  Opalina,  and  many  Bora- 
ridn?,  are  parasitic  in  the  intes-tine  and  liladdtr  nf 
Vertebrates.     To    these   belongs    the   Jialtnttvliiim 
coll  from  the  large  intestine  of  Man  (fig.  147). 

1.    Suli-onler  :    Holotricha.  —  Body    unifor 
covered  with  cilia,  which  ai-e  arranged  in  longitti 
dinal  rowa,  aud  are  shorter  than  the  Ixxly.     Long 
V\Q.\ii.—B«iamiidinm  cilia  are   sometimes   found   iu   the  region  of  til 

r../i  Willi  twoiraUa-  mouth,  but  these  do  not  form  an  adural  zone. 
ling  vocuuleii  (nder 

8i«ii)).     Under  Oin       Bcsidps  the  pamsitic  Ojiolina;  ^Opaliiur  raiuimm'),  wid 

"^""Uiiulao  thu"  '^"'^  ™''"^''  •"■  »""*•  ""*  following  families  belong  to  Ik 

bjut  !»ccn   euton,    n    grtmp  : 

liiill  i>r  eicTGinnni  is  Fain.  TraohelidiB.  Bo<1,v  of  chanf;eable  ^hapc  prolone 
imosini;  nai  <if  Uio  juj^)  jin  out<;rior  neck-like  pmccss.  Mouth  ventral,  witb.i 
rtorona  "'"  """    '""ger  cilia.     Trarhrliiu  orum  Ehrl>g.,  Amphilrptm  f^KiT 

mla  Klirb;;. 
Yam.  ColpodidiB.     Form  of  bcxly  dcflnitc    Mouth  Tcntral,  in  n  depresoon, 


Fin.  14A.  —  Pttramtrcittm  Bi*rt»rin 
RlMjtit  ODO  hour  after  ounjU){utiou 
(nfter  BdlAchli) .  n,  nucU'OliiK  ;  .V, 
ituclciu :  /'I',  contractile  voctiule. 
Two  of  the  nucleoli  hnvc  1m.*coujc 
clear  aphero. 
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always  famished  with  long  cilia  or  andulating  membraDes.  Parameeeium 
Atirrlia  Ft.  BfiUler,  P.  Bunaria  Focke,  Colpoda  eueullut  Jibibg.,  Glaucoma 
aeintillan$  Ehrbg, 

2.  Sub-order:  Heterotrioha. — Body  uniformly  covered  with  fine 
cOia,  which  are  arranged  in  longitudinal  rows,  with  a  distinct 
adoral  zone  of  dlia. 

Fam.  BsTtarida.  The  a^pral  zone  of  ciliais  on  the  edge  usually  of  the  left 
balf  of  the  body.  Buriaria  truncatella  O.  Fr.  Mull.,  Balantidium  eoli 
lialinHt.,  parasitic  in  the  colon  of  man  ;  Spirontomum  amhiguum  £hrl^. 

Kam.  BtentoridtB.  At  the  anterior  end  of  the  body  is  a  peristomial  space  with 
a  fonnel-flhaped  depression,  without  any  distinct  gullet.  Stentor  iMili/morphun. 
O.  Fr.  HiUl.,  St.  cceruleuf  £hrbg. 

3.  Sub-order :  Hypotrioha. — Body  with  sharply  defined  dorsal  and 
ventral  surface.  The  convex  dorsal  surface  is  usually  naked,  the 
ventral  covered  with  cilia  and  beset  with  styles  and  processes,  mouth 
on  the  ventral  surface. 

Fam.  Oxytriehida.  Body  elongated  to  an  oral.  On  the  left  half  of  the 
ventral  sur&ce  is  a  peristomial  region,  with  an  adoral  zone  of  cilia.  The  ventral 
taibkce  is  beset  at  either  edge  by  a  marginal  row  of  cilia,  and  also  with  bristles 
and  bodu.  Stylongehia  jmttulata  Ehrbg.,  with  eight  anterior  styles,  five 
ventral,  and  five  anal  cilia.     Oiytricha  gibba  O.  Yv.  MUUer. 

Fam.  ChUodontida.  Body  usually  armoured,  with  gullet  in  the  form  of  a 
fiah-basket.     Chilodim  curuHu»  Ehrbg. 

4.  Sub-order:  Peritricha. — Infusoria  with  cylindricaL on beU-shaped 
partially  ciliated  body.  The  cilia  are  placed  on  an  adoral  ciliated 
disc,  and  frequently  on  a  ring-like  zone. 

Fam.  YoitiMllida.  Peritricha  with  adoral  spiral  uf  cUia,  without  a  shell. 
attached  by  a  style,  tuually  forms  colonies.  VorticHla  microntifma  Ehrbg.. 
EpittglU  plieatilu  Ehrbg.,  Zuotkamnuim  arbuicula  Ehrbg.,  Cari-Ai-Mum 
polgjriHum  Ehrbg. 

Fam.  Trioliodinida.  Peritricha  with  adoral  spiral  of  cilia  and  circle  of  cilia 
as  well  as  an  apparatus  for  attachment  at  the  posterior  end.  Triehmlinu  jH-iUfulH' 
£hrbg. 

Fam.  Halterilda.  Near  the  adoral  spiral  of  cilia  is  nu  equatorial  zone  of 
longer  cilia.     Ilalteria  tolvox  Clap.  Lnchm. 

5.  Sub-order:  Suotoria. — Body  usually  without  cilia,  with  knobbed 
tentacle-like  processes  which  serve  as  sucking  tubes. 

Fam.  Afliastida.  Adneta  myttofina  Ehrbg.,  Pudnphri/a  ri/clopum  Clap. 
Lachm.,  Spkarophrya  Clap.  Lacbm. 


As  an  appendix  to  the  Protozoa  we  will  now  proceed  to  consider  the  Schi: 
myretidte,  which  approach  more  nearly  to  the  Fungi,  and  the  Ortyariiiii/tf. 


FROTOeOA. 

1.  The  Si-liizvniyreliiiir'  (Bacteria)  are  sninll  globul«r~or" 
which  an-  fmiiid  in  (lecaying  matter,  and  are  cspeciallj'  numerous  on  the  snfii 
of  putrefyinj;  riiiiils,  where  they  (five  rise  to  a  slimy  fihu  tfig.  148).  Tbeyi 
must  nearly  allied  to  tlic  fungus  of  jcost,  with  which  they  alwj  agree  in 
manner  of  nourishment,  in  that  they  make  use  of  ammonia  and  orgniiic ''-aC' 
|K)und8  containing  carVion.  Like  the  yeast  fungus  they  excite  and  muintaia 
the  fermentation  or,  sis  may  happen,  putrefaction  of  organic  luatt'-r  by 
drawing  its  oxygen  or  by  nttrai'ting  oxygen  from  the  air  (reduction  or  nvf 
tion  fermentu').  But  Ih'.y  are  clearly  separated  from  the  fungi  ley  their  rte 
lopnient,  for  theti  iHrrraur  hi/  t/ii'itlimj  into  frro  fmlrrji^  while  the  yrnst  fan 
(Snrfhiiriimiji'cf,  llormhrium)  forms  buds  which  se]>arate  off  as  s(jore3.  Tla 
transverne  division  take-  place,  after  the  ceU  has  become  clongatol,  by  a  coa- 
Ktriction  of  the  [irotopla»m  and  by  the  secretion  of  a  cross  iiarrition  wali.  Thr 
thiughler-oells  either  dindc  at  once,  or  riMnain  united  and  produce  eb»ini  i 
Bacteria  (filiform  Bacteria)  by  a  fresh  tisaion.  •Somctime«  the  succes&ivc  j 
tions  of  cells  remain  connocteil  by  a  gelatinous  substaucc,  and  so  produce 
giilar  shapetl  geUtinous  masses  (znniilorn).  Sometimes  lliey  liecomc  free  i 
arc  di«ijer»cd  in  swarms.    They  may  also  settle  on  the  l>ottom  in  the  form  u(l 


c'V.-^ 


^ 

i-^- 


'v    , 


•'-v-/^i 


Plo.  UK.— Schliomyoctes  (alter  F.  Cohn).  a,  Miorocoocns.    (>,  BncKnum  Mnao, 
intrefying  fluicU,  boUi  in  the  motile  uul  zoogloea  fomi. 


jfrnnnlar  prccipitJite,  as  soon  as  the  nourishment  iu  the  fluiil  is  cxliauBtcd, 
jrreater  niniilK'r  have  ii  motile  and  a  motionIc>»  stage  ;  in  the  fii^l  tiiey  roti 
themselves  about  their  long  axis,  but  are  also  able  to  bend  and  extend,  but  n« 
to  serjientinc.     Their  activity  seems  to   be  connected    with   the   prcscnre 
oxygen. 

Owing  to  the  absence  of  .sexual  rcprodnction,  the  division  of  Bacteria 
genera  and  s|iccies  is  liosit  with  such  difficulty  that  we  must  c-ontcnt  ourscl* 
with  establishing,  in  an  urtitieinl  fashion,  form  species  and  phygiological  sn 
and  varieties  without  always  being  able  to  demonstrate  their  iudepcudcnfl 
K.  Cohn  distinguishes  fonr  groups: — (1)  Globidar  Bacteria,  Vi/rnnvn 
{MiiHun  and  .Vi/rwIiriHii) ;  (2)  Ko«l  Bacteria  (JiiirtrriHiii) ;  (.1)  Pillfo 
Bacteria  {JinrillHA  and  Vihrin') ;  (4)  Spiral  Hnctcria  (ttjiiriltiim 
SpirttrJitrta'). 

'J'he  Ulobular  Bacteria  arc  the  smallest  forms,  and  only  exhibit  mrAe 
nioTements.    They  cause  rurious  forms  of  decomposition,  but  not  putrcfactia 

•  K.  Cohn,  •'  Beitiagc  rur  Biologic  <ler  PBanicn."     Heft  2  and  3,   1872  and^ 
1K7R.     '•  Untersuehungcn  illierHaktericn."  1,  '2,  and  3 (Bacterium  tcrmo).     Cbiit> 
pare  further  the  work*  of  Kberth  and  Klebs, 
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•  can  only  be  diviiled,  according  to  their  various  methoda  uf  development, 
chmiuogeiious  (pigment),  xymogciious  (fermeutjition),  aud  pathogenous 
^itag.on)  division*.  The  first  apjienr  in  coloured  pclatiuous  masses  aud 
»t«  in  the  ZoJglocaform,  r.i/.,  M.  priHUy'umiii  Khlirg.  in  [XJtntiHMi,  etc., 
the  Zymogenoiis  beloni;  J/,  unw.  urine  ferment  :  to  the  rathopennus 
wiofeina;,  the  Pox  Bacteria,  M.  mjifiviis  of  pj'tcmia,  J/,  iliplithiriru*  of 
phlheritis. 
\  The  Bo<l  Bncteria  form  small  chains  or  threads,  and  exhibit  spontaneons 
Dtions,  eapcciftUy  in  the  presence  of  abundant  noaiishmcnt  and  oxygen. 
■  belongs  Jiaetrrium  lirinn  Ehrlig.  distrilmted  in  all  aiiimal  and  vegetable 
tiaions  and  the  necessary  ferment  in  putrefaction,  just  as  yeast  is  in  alcohol 
uentation  ;  also  Ji.  Limula  Khrhg.  of  consiilerahlet-ize,  which  exists  in  spring 
WBter  and  in  standing  w«t«r,  in  which  there  are  no  products  of  putrefaction, 
mnd.  as  weU  ai  the  former,  has  a  xoogloea  jelly.  Another  Bacteriom  form  acts 
as  fe^neu^  of  lactic  add, 
xxufiHug  to  Hoffman. 

Of  the  Filiform  Bacteria 
the  motile  Biifillun  Qriliriii) 
tmhtilin  Ehrbg.  occasions 
IjuiiT^ic  acid  fermentation, 
il»  found  in  infusions 
-  ^...Ler  with  B.  trrmn. 
VeiT  nearly  allied  and 
haitllr  to  l>e  distinguished 
it  the  motionless  UnriUun 
tkrari*  of  inflammation 
»ple<3i.  Vil/riii  riitiulu 
tcrjKMA  arc  charac- 
i  by  i.oostant  uudnla- 
>  of  the  chain.  Finally^ 
lead  to  the  spiral 
bmns  of  which  Sj/irm-lurta 
muatblca  a  long  and  llexi- 
'  lit  closely  wound,  and 
!am,  II  thick,  short, 
jiiuJ  c>j»irse  screw.  Sjtiril- 
turn  trnax.  UMt/vIa,  Tulvlann, 
the  lost  with  a  flagcllum  at 
warh  end. 
I  2.  The  Oreiiarini<iiT  'are 
lliUar  I irganisuiB  which 
|iarasiics  in  the 
Be,  and  iu  the  internal  organs  of  the  lower  animals.  The  body  is  fre- 
<|aently  elongated  like  that  of  a  worm,  and  consists  of  a  granular  visi'id  central 
p  sniTomided  by  a  delicate  external  membrane  (sometimes  with  a  sulH'uiicuhir 
ycT  of  muscle  striiK's),  The  nucleus,  a  round  o:  oval  clear  Ixjdy,  is  embedded  in 

N.  iJcVsrkilhn.  '•  Evolution  des  Gr(5garines,"  Mem  nmr.  ili-  VAciiil.  ilr  Brlij. 
S55.  N.  Lielxrkiihn,  "  Beit  rag  lur  Kcnnlniss  dcr  (iregnrinen."  Arrli./Or 
liMif.  uml  Phyiol..  ISfiS,     K  van  Benediu,  "  Rccherchcs  sur  revolution  des 

atincs."  BuHrtin  de  VAcud.  roy.  ilr  Brlijiijiir,  2  Srr.  xxxi.,  1871,  Aim6 
ebueidcr.  "  <  outributions  A  I'histoire  des  tJrcgarines  des  Invcrtebres  de  Paris 
( de  Boscoff."     Arrh.  ih  Zu^.  J->prrim<„f ..  Tom  IV.,  1875. 


PiQ.  110. —  Ortffariiui  (iift«r  Bteiu  aitit  KOIliker).  <j.  Sty- 
lorkgnckHMtiligaouHtJitia  nut  of  the  intestine  ufCalloptfrgx, 
fi,  Gr^ffai-iha  (CUpiulrinu)  jtolj/moiyha  from  intostiue  of 
the  meal  beetle,  dtu*iuK  coujugstion.  r,  The  siuno  in 
lirocess  of  cneystmcnt.  d.  Encysted  Grcgarina.  r, 
StaKO  of  formHtiou  of  Psoudoaaviccltiv.  /,  P^etulo. 
uavicellocyst  with  riiss  Pseudonavicelliif. 
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the  ccntrol  oinsB.     The  structure  of  the  budy  itiny  lie  c<>mpti5E{ed  by  tli>  |i 
sencc  of  n  (inrtition  wall  wliich  partK  off  the  nnterior  euci  fi-om  the  inkiu 
of  the  body.     The  anterior  |)ortion  of  the  IkkIt  pets  in  thin  way  lljc  ap| 
of  a  head,  ujKin  which  there  may  be  formed  here  ami  there  prominence* 
the  form  of  huoks  and  processes  for  tlic  purpose  of  attacliment.     Noioiilii 
i»  effected  by  endosniosisi,  through  the  external  wiiUs.     Motion  i»  coo&oal 
slow  glidin);  forwnnl  of  the  feebly  contractile  budy. 

In  their  f\ill-^ri>wn  utatc  tbe  Grepirina  are  frequently  seen  fiMtened  t0 
another  twu  or  more  together.     This  connected  state   precedes   n;pr»;<li 
(Sp.  149).     Tl>e  t»'o  individuals  lying-  with  their  luO);  uxes  in  tbe  same  •<»!; 
line  contmct  and  surround  themselves  with  »  common  cyiit.  and  after  utidrr^oisif 

a    pnK'css    rusembliiig   scgnicJit»ii« 
divide  into  a  number  of  gmAll  t\i*>- 
like    Ijalls,    whic'n    become    »j>ijiilk' 
shaped      bodies      ( r^cudonariocll 
Tbe  cyst  secretwl  rotiud  the  rm 
galint:  individuals,  or.  as  in  nflen 
case,  round   a   sini;le   individonL 
comes  a  I'scudonavicelln  era.  uid 
its  bursting  the  spiudlc-:>hapcd 
reach  the  exterior.    The  n>ut«oti 
each  I'seudonavicclla  sometimes  pi 
rise  to  a  ^uiall  amcelMid  body,  at< 
be  Inferred  from  Liel>erkiihu>  ol 
vations   on   the   Ptitronpermt  of 
pike.     In    otber    cases    (.Vimkjoi 
Ooniiijtnm,  etc)  sickle-shaped  b<jil 
arise   io   the   spores,   which,  wil 
passing  thruagh  an  amoelwid  tl 
give  rise  to  young  Gregarines.    Jf< 
ci/ttit  aijilin  from   the  tealL«  uf  Iht 
earth-worm.       Gniiarina     L.     Dnf. 
(C'lrpinilrina     Hiimmerwh.)       Bot; 
with  flat  jmrtitiou  wall  and  wart-Ukc 
head  at  anterior  end.     In  Ihi-  younf 
•stajje  tbe  anlerlur  end  of    Gr.  W*/. 
tariini  v.  .Sieb.    is  tised  in  the  cells  of 
the  intestiniil   epithelium   of   BUtl 
Ur.  piiliimorjihii   Hiunmerich.  io 
meal-  worm. 

[TliL-  Oretrariucs  arc  fotud  maiol; 
in  InvertcbratB.  Tbey  may  Iw  ditidod 
into  two  main  fnuups,  the  PotyryflUlin  and  the  Miwix'j/iiliilra.  In  the  fomer, 
which  are  found  for  the  most  part  in  Anhropinls,  there  is  a  [lartition  di 
the  iKxly  into  two  jiarts  :  in  the  latter,  which  are  found  chiefly  in  Vermi<»,  t 
is  no  such  partition.] 

Tlie  structures  long  known  or  Pnoro'jirmu  from  the  liver  of  the  rabbit, 
slime  of  the  intestine,  the  gills  of  fishes,  and  the  muscles  of  many 
etc..  present  a  great  rcsemtdanee  to  the  PsenilnnnvicelliB ;  but  we  »i«  not 
fully  enlightened  as  to  tlieir  nature.     The  case  is  the  same  with  the  ai 
known  as  Ihiini'v'sor  Mischer's  corpuscles  from  the  muscles  of,  r.y.,  the  pig  T 


Pie.  ISO.— Roiney'a  ciirpuncles  rrom  the 
Hesh  of  B  pip.  If,  An  auimat  inside  a  mus- 
cle Alire.  b,  Puaterior  cntt  of  the  siune, 
iitroii^ly  mft^ifted  ;  C,  eailculAr  layer  ; 
B,  ftiiores. 
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:  [arasitu?  animaU  from  TBrious  wood-lice  and  t'nistacpn.  which  were  awiigiied 
Cieiikriwski  to  the  fnnjiri.  imilerthe  name  of  AmahidhiiH  jianmitirum,  remind 
■  their  repmlurtion  no 

the  Or^ariDte  and 

tSrir  cyrt*. 

The  fncfidia  wliieh  we 
meet  with  in  the  cells  of 
tbe  rpiTbeliani  of  the  intes- 
tine as  well  as  in  the  bile- 
dactn  of  Mamumlin  should 
mlao  be  reparde<l  tin  (irr{ia- 
rintf  (fip.  151).  They  tmnn- 
form  thein'ielves  into  egg- 
t{«Ml  zoo»|ienni;  by  the 
nation  of  n  ca^isulc  and 
production    of    several 

1  from  their  grranular  contents.     In  Coccidiiim  oviformc  from  the  liver  of 
•sd  of  the  rabbit  there  arc  only  four  8]>oreg  formed,  which  become  fickle- 
rods. 


Pio.  151.— Oxviiiim  at^fhrmr  from  the  liver  of  the  raWilt, 
magnillad  6S0  diam.  (after  R.  Lcuckart).  <-,  </,  Slagw 
nf  spore  formation  which  bnve  only  been  obserrod 
untakle  the  oallB, 


CHAPITER   VII. 
0(ELENTERATA  (Zoophytes).* 

fta//y  st/rniinetrtcal  animals  icltJi  a  body  compoattl  of  cells.      They 
a  hody-oivity  xchlch  serves  alike  for  circuluti<m  (Mul  digestion 
rovmKular  space). 

mongst  the  CadeiUerata  we  ineot  for  the  first  time  with  organs 

tisisuets  composed  of  cells.     In  luklition    to    the   external    and 

maJ  epithelitun,  cuticular,  calcareous,  and  siliciouN  .sti-uctiires,  as 

II  as  niu>oles,  nerves,  and  sen.se-orgiiiw  are  very  geneiiiUy  priwent. 

llie  other  hand,  the  internal  .-iiii-fnce  of  the  \\ody  is  not   iliffer- 

ted  into  organs  of  circulation  .and  dige-<tion  distinct  from  each 

The  vegetative  proces.ses  are  performed  by  the  interniil  sui'- 

if   the  gHiftric  cavity,  the  ga-strovatculw  .spivce,  of   which  the 

Itral  part  function.^  as  stomacli  and  intestine,  the  peripheral  as 

liar  system. 

Leuckai't  was  the  first  to  i-ecognise  the  importanpe  of  these 
wters,  and  made  u.se  of  theiu  to  wpanvte  the  Polyps  and  the 
itsff  from  the  Echiiuxlernts,  thus  i-esolving  (Hivier's  type  of 
ialtt  into  the  types  of  i'lelenteratii  and  EcliinodeniuUa. 

1  only  in  more  lucent  yearK  that  Natundists  luive  l>eeu  con- 
of  the  close  relationship  l)etween  the  Pori/frn  and  the  Polyps 

^l{.   LeuckoTt.  "  Ocbcr  die   Morphologie  und  VerwaiidscbafLsvcrhaltni«!ie 
Bier  ThicTc,'"  Hmiiiiwhweig.  18-JH. 

14 
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and   MfdiuMT,  and   Imve  included  the  former  in  the  groap 
CfelerUerata.     The  Pori/era  were  for  a  long  time  ttiken  for 
and  more  recently  for  Protozoon-stocks.    While,  however,  the  Pdj 
and  Medusse  are  distinguished  us  Ciiidaria  and  are  fhanioteiiseJ 
the  possession  of  nomatocysts  and  by  the  higher  diflei-eutiation  uf 
tissues,  the  Porifera  or  Spongi/iria  present  more  simple  fonn«  a 
tissue  in  the  spongy  structure  of  their  body,  and  are  ^thoul  nen.n"- 
cysts.     The  entire  structure  of  the  body  luay,  generally  sjieakiui;,  if 
described  as  radial,  although  the  i-adial  s^nnmetry  does  not  appear  a 
most  sponges,  and  among  the  Cnidaria  transitions  towards  Ut«nl 

s_>-nimetrj-  are  ap- 
parent.      Sinuinr 
organs  are  osuaUt 
rep*iHte<l       roiiwl 
the  body  axi»  fc 
or  six  times  or 
multiples  of 
numbei-s. 
Four 
types  of  body  f ( 
are  met   with 
the  group  Ci 
rata,  viz.,  that 
the  Sfnitu/f ;  rif 
Poll/])  ,  of  the 
duMi ;  and  of 
Otf^tiiijt/torti. 

The      8ponge_ 
type.— The 
plest      fonn 
Sponge  is  represented  by  a  fixed  cylindrical  tube,  with  an  exh 
opening,  the  OsciUum,  at  the   free  end  (fig.    152).      Tlie  conti 
wall   is  Kupporte<l  liy  skeleUil  spicules,  and  is  pieived  by  nui 
inhaleut  pores,  thn)ugh  which  water  and  small  food  particles 
into  the  ciliated  internal    i-piice.       By  the  fusion  of  separate  in( 
viduals,  and  by  reproduction    Ijy  gemmation,   the  latter  l)eiug 
more  frequent   mode,   widely  different  Sponge  stocks  with  com] 
cated  canal  systems  are  formed.     The  jxjlyxooid  uatuiv  of  these 
made  apparent  by  the  presence  of  many  oscula. 

The  Polyp  type. — The  Polyp  ha«  the  form  of  a  cylindrical  or 
club-shaped  tube,  of  which  the  posterior  end  is  fixed  and  the  opj 


Fio.  m— TouBK  Sicam  (niter  Fr.  K.  Schulie).    O,  Oaculnm  or 
exbAlenl  piire ;  P,  ]X)re  in  the  wnll. 
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Fta.  163.— Styurlia  nitn  (after  Gosie). 


pole  pierced  by  an  oral  opening  situated  on  a  flat  or  conical 
ominence,  the  oral  cone.  TLe  mouth  is  surronnded  by  one  or 
ore  circles  of  tentucles,  and  leadA  into  a,  simple  cyliiidrind  body 
►vity  (I/i/droitipfJi/ps),  or  through  an  a»iophageal  tube  into  a  oompli- 
gastrovftscular  cavity  (Ant/iozoa,  fig.  153).  The  disappearance 
the  tentjicle«  gives  rise  to  the  so-called  polypoul  form,  which 
of  a  simple  hollow  tube  fur- 
with  a  mouth. 
The  Medusa  tjrpe.— The  free-swim- 
Medusii  c-ousists  of  a  flattened 
or  arched  liell  of  gelatinous  or 
cjtrtila^nous  consistence,  from  the  under 
surfa<-p  of  which  hangs  a  central  stalk, 
the  iiMviihriiiiii,  liejiring  at  its  free 
aid  the  mouth.  This  manubrium  ia 
frequently  prolonged  in  the  neigh boiu-hood  of  the  mouth  into 
numerous  lobes  and  tentacles,  while  fi-om  the  edge  of  the  disc  ari.se  a 
>-*rying  number  of  thread-like  tent4K-les.  The  central  cavity  of  the 
Ixxly.  into  which  the  hollow  umnubriuiii  leads,  is  called  the  gastric 
cavity,  and  fi-om  it  peripheral  [wiiches  or  radiid  omals,  the  .so-csdled 
v«»«l8,  run  to  the  edge  of  the  disc,  where,  iih  a  rule,  they  are  con- 
nected by  a  circular  vessel. 

The  movements  of  the  Me- 
diMk  ore  eH'eoted  by  the  alter- 
uate  contraction  and  dilntAtion 
of  the  muscular  under  surface 
of  tlie  bell,  i.r.  of  the  subum- 
brelU. 

Rudimentai-y  Medusie,  in 
which  the  manubrium  and 
marginal  tontacles  tu-e  alisent, 
•re  found.  Tl>ey  ore  called 
Me<lnsoids,  and  do  not  acquire 
individual  indejiendence,  but 
remain  attache<I  to  the  bo<iy 
of  the  Medusa  or  Polvp  fi-om  which  they  are  budded. 

The  Medusa;  and  Polyps,  in  spite  of  the  important  differences 
between  them,  are  but  modifications  of  the  same  plan  of  stnicture. 
A  Medusa  may  be  compared  to  a  free,  flattened  Polyp,  posses.>!ing  a 
large  gastric  cavity  and  a  muscular  and  enlarged  onil  diac. 

The  Ctenophor  type   has  fundamentally  the  fonu  of   a    spho-e, 


Pia.  IM. — Mednu  of  the  PoA>tvrf»t  mtiMi  with 
four  tentacles  at  iho  edge  of  Die  diao,  nvariea 
null  mauubriura.  iminedlntrly  after  aepw 
Uoii  from  the  nock. 
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hiset  «i^  «u£.'  sua^iicEal  r:v»  <it  xtbnxiie  plMes.  whidi,  voriing 
Hke-  otkTi^  jterre  Ix  kccckxkc  nx.  1»?  >. 

Hk  coot  pane&ccr=:ik  is.  tae  Sfwose^  consists  principally  <{ 
aiiuxfak-i£<«  oeiI:>,.  wLkc.  frwi^Mcdj  Iwaur  dageUa.  bat  whidi  iwnr 
pnj(iaL-«  fduiaz  ^hr^titk.     li.  tibe  CuiJaria  (BoIjrpB  and  MediHe)b 

in  orTEiun  cirll»  the 

p^ecakr      »trac- 

rmes    kB<>«n    as 

I  o«>  «»re  d^rekiped. 
Tht-y  oMi^iat  of 
-mail  oipailes 
dllM  n-ith  doid, 
:i&d  coataininf  a 
s.harp-point«d,  spi- 
ndlyccnled  thread: 
they  are  developed 
in  ceU>  which  mar 
be  csdled  cnido- 
bla^ts.  Under  cer- 
tain mechanical 
comlition*.  ?.y. 
under  iuduence  of 
the  pressuiv  pro- 
duced by  contact 
with  a  fureign 
body,  the>e  cap- 
sules burst,  and 
the  thi-ead  L-  sud- 
denly protiiidetl. 
and  either  fastens 
on  to  the  oiuse  of 
disturbance   or 

pieix;es  it,ciirTj-ing  Fio.   ise.  —  Nematocjrrt*  nt 
into  It   ii  put  of      „  ,„,,  4,  „i»i,  ttVeSodi 

the  fluid  contents      "'  *''«  <»u.    e  to  r,  Nconw- 
,  .,  ,        -r         c>-iitij  with  cvnginitwd  ihml- 

of  the  capsule.    In 

many  parts  of  the  IkmIv,  and  especially  on  tlie  tentacles,  which  serve 

for  the  capture  of  prey,  these  Fniall  mici-OFcopic  weaijons  are  collected 

in  nuiHHes,  and  are  often  uniteil  in  a  i)eouliiir  arrangement  to  fonn 

ImtterieK  of  thread  cells. 


I 
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Kll..  ViS.—Cfili/iiir  (Uormiiiiom) 
jifumoi"!  (after  I'hnti).  O. 
ni'ititli. 


DETELOPMENT. 


213 


The  tissues  (which  we  composed  of  cells)  at-e  generally  arranged  in 

vo  or  three  layeii*,  of  which  the  ext*nml  layer  Is  known  iia  ectoderm 

>nd  forms  the  outer   skiu,  while  the  intymol  layer,  the  endoderia, 

the  gastric  cavity. 

'  Between  the  two  there  is  developed  ii  delicate  homogeneous  snp- 

ting  memhmne  or  a  sti'.mger  layer  of  conne«.'tive  tissue,  in  which 

skeletal  elements   iire    developefl.     This   tntermediiite   Lvyer    is 

own    as   the   nifnoderm.     The   skeletal    formations  present  great 

itions  in  structure  and  arrangement. 
Muscles  are  formed  in  the  deeper  part  of  the  ectoderm  us  cell- 
processes  (the  so-called  neuromuscular  fibres),  but  often  peiietnite 
within  the  mesoblast  as  independent  cell  structiu-es.  Sense  epi- 
I  thelium,  nerve  fibrilUe,  and  ganglion  cells  also  appear  as  differentia- 
tions uf  the  ectoderm.  Tlie  endodenn  cells,  on  the  other  hand,  often 
Bbw  cilia,  and  ore  principally  concei'ned  in  the  processes  of  digestion 
~iind  secretion. 

Where  the  tissues  are  upon  the  whole  of  homogeneous  structure,  we 

find  a  preponderance  of  asexual  reproduction  by  fission  and  gemma- 

^■kni.     If  the  individual  forms  so  pVodneeil  remain  united,  they  give 

iBee   to   the  colonies   which  are   so  widely  distributed   amongst  the 

Polyps  and  Sponges,  and  which,  by  the  continuid  multiplication  of 

their  imiividuals,  may  in  coui-se  of  time  attain  a  veiy  considerable 

siie.     But  we  also  tneet  everywhere  with  the  sexual  reproduction,  in 

that  ova  or  spermatozoa  are  pro<luced  in  the  ti.ssues,  usually  in  the 

region  of  the  ||»astro\Ti.scular  civvity,  in  a  definite  poi-tion  of  the  body. 

As  a  rule,  the  ova  come  in  contact  with  the  spermatozoa  away  fi-om 

Hpbe  place  where  they  are  proilueed  ;  either  within  the  body  cavity 

^W  outside  the  pai-ent  l>o<ly,  in  the  sea-water.     In  a  few  cases  only  do 

both  the  se.xual  elements  originate  in  the  body  of  the  same  indivi- 

Kal.  as,  for  example,  in  many  of  the  Sjmnijiarld,  some  Anthnzoa, 
d  in  the  hermaphrodite  ( 'Icnojihora.  As  a  rule,  in  the  colonies  of 
J?r//iticoa  the  mona?cious  an-angement  of  sexes  obtains,  the  indi\'i- 
dimls  of  the  «tme  >tock  Ijein-r  paitly  male,  pai-tly  femide.  Some  are 
dioecious,  e.g.  VvrHillnvi,  Diphym,  Ajiohmia. 

The  development  of  the  CafeiUerata  for  the  most  part  consists  of 

^H  metnmoqihosis.     The  just  hnt<'he<l  young  differ  fi-om  the  sexual 

^■umal  in  the  form  ami  structure  of  the  )x>dy,   and  pass  through 

larval    stages.      The    greater  number    of    them   leave  the    egg  as 

ited  larva?,  which  resemble  somewhat  an  lufusorian  in  external 

itnince.     They  acquii-e  a  mouth,   lx>dy  cavity,   and   organs  for 

fining  food,  either  during  their  existence  as  free  larvw,  or  after 
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rtttai-luuent  to  solid  surrounding  ol)ject«  in  the  sea.     If  the  Tormj ' 
forms,  wliifli  ilitter  from  the  sexual  animal,  gain  the  power  of  n 
pi-oducing  by  budding,  the  development  leads  to  various  forms  d 
alternation  of  generation. 


Sub-groups.— I.  SPONGIARIA*=PORIFERA. 


7%e  bodj/  has  a  spongy  consistence  and  is  composed  of  uttutti  o] 
cells  capable  of  anvrhoid  niovein^its  and  siipjiorled  by  a  solid,  (Woareoiu, 
silioious,  or  horny  akel.eton.  There  are  exlenud  pores,  an  inttnui 
canal  system,  awl  one  or  many  exludent  openings  (osctUa). 

The  xponges  are  at  present  univei-sally  regarded  as  C(rltnUr\Ua, 
and  in  tliis  group  they  are  distinguished  from  the  Cnidaria  (Polyp 
and  Medusa.').  They  are  composed  of  a  contractile  tiisue,  which 
is  usurtlly  supiKirted  by  a  fnimework  composed  of  spicules  and  fihnee; 
the  whoie  heiuj;  iiminged  in  such  a  manner  that  there  exists  on  the 
external  wall  of  the  body  larger  and  smaller  openings  ;  and  in 
interior  a  sy.st^m  of  canals  and  spaces  in  which  a  oontLnuous  strmn 
of  water  is  maintained  by  the  vibratile  motion  of  cilia. 

Amccba-like  cells,  net-like  membranes  of  eaix;ode,  tIagelLited  celL% 
spindle  cells,  o\Ti,  spermatozoa,  and  tissuw 
derived  as  excretious  from  cells  are  pretvat 
as  the  histological  elements  of  the  B|»i 
Ixxly  The  chief  mass  of  the  contmet 
parenchyma  is  composed  of  the  asurl 
like  cells.  Tliese  are  gj-aii\ilar  cells,  vr 
F,o.  167.-  AjMBb.-iike  cell  of    ijj^g  ^„i(eb«e,  have  no  exl^jrnal  membnini 

BpongUlm.  '  ,         .        ^ 

can   protrude  and  retract  pi-ocnseeii, 
take  into  theii-  iiitprior  foreign  substances  (fig.  157). 

The  fiumework  or  skeleton,  which  we  find  wanting  only  in  th«« 

•  Litemlure  :  Nardo  G.  D.,  •"  System  dcr  Scliwilmme,"  Isis.  1838  and  1* 
Uraiit,  "  Oliservotiuiis  ami  Exjierimciits  on  the  Struct,  ftiid  Konct.  of  iSpongt*,^ 
EiliH.' I'Idl.  Jmirmil.  ISifi — 1827.  Bowcrl)ank,  "On  (he  Anatomy  aud  Pbysg 
logy  of  the  S|iongin<la!."  PliiUm.  TruK'..  1858  and  18fi2.  Liehcrkillui.  ••  K?itr 
«or  EntwickelungsResohichtc  der  Spoii(fUlen,'  J/»»rrV  Archir..  ISoii.  U-i 
kiihn,  ••  Znr  Anatoiuif  der  Si-unaien."  MiiUfr'H  Archir..  18.'>7,  18.VJ.  1R63. 
1867'  O  Srhniidt,  "  Uic  Sjioiiirien  dc-»  adrintiHilicii  Mocrus."  Lt-ipii^.  W.  tng 
elmaiin  1862,  ai  wrll  as  Sui.i.l'--mcnt,  Leipzig,  W.  Euffclmann.  lsr,4.  18«l 
I»(i8.  K.  Haotkcl.  "  I>io  Kiilkwhwiimme,"  H  Bdc,  Berlin.  1872.  Kr.  I 
8<>huUc  "  UaterencUungen  U1h:I'  dun  Ban  und  die  Knt«ickelung  dar  Sjion 
Zcifekiiftjar  uHm.  Hxd.,  1876—1880. 
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utmooB  Sponges  or  Mtj.fos]M»iyia,  is  composed  of  homy  fibres  or 

liciuus  or  calcureous  spicule's. 

The  hoTDj  fibres  form,  without  exception,  anastomosing  networks 

[WKyin^  degi-ees  of  thickness,  and  pi-esent  a  lamelluted  structure 
,  158),  which  indicates  that  they  are  foi'med  of  a  number  of  layers. 

bey  are  formed  by  excretion  as  hardening 
'portions  of  saroode.  The  calcareous  needles 
(rig.  159)  are  simple  or  tliree-  and  four- 
rayed  spicules,  and  take  their  origin,  as 
do  the  silicious  structui-es,  in  the  interior 
of  cells.  The  silicious  spicules  pivseut, 
however,  an  extraordinary  variety  of  form : 
some  of  them  constitute  a  connected  frame- 
work of  silicious  fibres,  and  othere  are  fi-ee 
silicious  boilics  with  simple  or  branche<l 
centnil  canals  (fig.  160).  The  latter  are 
found  in  the  form  of  needles,  spindles, 
cylinders,  hooks,  anchors,  wheels,  and 
crosses,  and  arise  in  nucleated  cells,  pro- 
bably as  deposits  round  n  hardening  of 
organic  matter  (central  fibre). 

In  order  to  understand  the  morphology 
of  the  Sjioiujiaria  we  must  begin  by  examining  the  structure  of  a 
young  Sjionge,  which  pi-otveds  from  the  fixed  larva.  The  young 
Sponge,  after  the  formation  of  a  ciliated  gastric  cavity  and  an  ex- 
hiilent  opening  or  oscuhun,  has  the  form  of  a  simple  hollow  tube, 
the  walls  of  which  are 
piert^d  by  pore*  for  the 
(ia.-<sage  of  small  food 
particles  susfK-iided  in 
the  water  (fig.  152). 
In  this  stage  we  can 

titingtiish  three  layers 
( 1  )     an     entoderm, 

iiTned      of      elongate<l 

igellated   cells;    (2)   a 

Be:9oderm,  the   skeleto- 

enous  cell  layer,  the  structure  of  which  i-ecalls  connective  tissue; 

ad  (3)  an  ectoderm,  which  forms  the  outer  layer  of   tlie  SjKjnge, 

ad  coDsists  of  u  fiat  epithelium.     The  cylimbical  cells  of  the  endo- 

im  jxiBsess  at  their  free  enils  surrounding  the  flagellum  a  delicate 


no.  168.— Piece  of  network  of 
homy  fibres  from  EHtpomgia 
rqwna. 


Fiu.  150.— Calcureona  Bpioulas  oTSfmn. 
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hyaline  marginal  membrane,  which,  dei-ivwi  fiwm  u  prolongation 
tht'  hyaline  pliisuui,  projects  iis  a   hollow  cylinder   ret=embling  t.b» 
protopliuimic  collar   of   certain  Flagdlata'^   (Cylicomnetige*).     [TTu* 


Fis.  160.— Silex  bodies  fVom  dllTcrcut  silicions  SpotiKM.  a,  Sflrx  needle  from  S]Amfi\i. 
inatdo  I  he  cell.  &,  Ajn|ihicli8e  of  li  f^emmnlo  of  Sji^mgilU.  r.  Anchor  trom  Anions*.  4, 
Hook  from  Stycrta.  r,  Star  from  CkondriUn.  f,  Anchoi-fromStiplfrtrtta  ti»p*rffittum 
naadle  imji  from  the  «ame.  i,  Six-njed  needle  from  iheume,  wiUi  onitntl  i 

Structure  is  commonly  known  as  the  collar,  and  the  cells  as 

collared  cells.] 

The  thick   layer  in  which  the  skeloul 

spicule.s  ai*  jMutluced  conw.'^tt;  of  a  hviilil 

matrix,  iu  which  in-egiilarly  bi-auched 

gpin(lle-8ha})ed  amoeboid  cellsare  embedda 

and  may  be  regHrdcd,  like  the  gelntina 

fiulistiiiu'e  of  the  AaihpJui,  att   uie.sodf 

while  the  external,  clesirly  defined,  flat  i 

thelium  (also  in  the  Atcunin,  LeucotoUnii^ 

is  to  1)6  considered  as  ectinlenn. 

The  j.K)re«  or  inlialent  openings  so  ch 

rHcterii«tic    of    the   Sponge    body  are 

reality  only  iutei-cellular  sptuicie,  and 

able    to   close    themselves,  vanish    lujd    be    replaced    by  new  twr 

which  arise  by  the  separation  of  one  cell  from  another  (fig.  16tl 

•  Uiion  thig  grniind  Clurk  declared  the  Sponges  to  l)e  nemly  allied  to  i 
yiap'-tliita,  and  regarded  them  as  prcat  colonieo  A  ibe  latter. 


Fio.  101.— Portion  of  thH  exlcr- 
uiU  layer  of  SpongilU  with  tlio 
jiorcti,  P  (after  Lubcrkahu). 
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^^-A-mongst  the  calcareous  Spoiiffcs,  the  simple  Sponge  with  inhiilent 
pore«  aud  teruiiial  osculuui  {Ul;/niltiis-form)  is  represented  by  the 
stock-forming  Lmiroaolenia  (GraiUia),  which  is  c-omi)osed  of  numerouii 
hollow  cylinders.     The  stmcture  of  thie  8]x>nge 
ha.'i  been  describe*!  by  LieVwrkiihn. 

In   the  Si/coniilo-  the  IkmIv  Mivity  has  11  more 

fxttnpliciited  form.     The  centnil  .sjmce  ofjens  into 

aeeondui'y  peripheral  spaces  or  i-udial  tulies,  wliich 

&re    line"!  by  ciliattnl  colls,  and  open  externally 

^brougb  the  inhiilent  pores  (hg.  162). 

^Klii  other  calcareous  Sponges  {Letitonidw)  the 

'xttdial  canals  have  the  form  of  iiTcgulai-  jvirietjil 

oaiuils,  tfiving  off  branches  to  the  periplii-ry  and 

poeiBesaixig  (hinted,  cilitited  chambers.    This  form 

of  iuternal  canal  system  is  al.so  found  in  most 

id  the  stock-forming,  tdlicious  Sponges  (lig.  1G3). 

B  forms  may  become  more  complicated 

rmntion  of  stocks  ;  the  oiiginally  simple 

which  has  developed  from  a  single  cili- 

a,  gives  rise  by  bndcUng  and  incomplete 

0   a   polyzoid  sponge  Ixxly ;   or  sevpi-iit 

originally 
separate 
individu  - 
ahi,  each 
of  which 
lias  origi- 
nated from  a  single  larva, 
ftise  to!j;ether  to  form  a  com- 
jjound  sfKinge  stock.  Both 
these  metho<lB  of  grovrth  are 
repealed  in  a  similar  manner 
in  the  formation  of  the  st<X"kti 
of  Polyps  (tig.  164).  In  the 
same   way   that    the    fan-like 

!*..rtjun  oi  tvr(im««.  "i».i'(.i'.r««  (nfier  nets  of  the  Fan  C0111I  (Bhijn- 
.i,e).   w».i-iu«icd  oiuuaber  o(  the  j^orgia  Jlahdlavi)  ai*  formed 

by  the  repeated  fiudon  of  its 

bniDchcii.  the  gnstiovascular  cavities  of  which  anastomose,  so  also 

Jn  the  OM*  of  the  bmncliing  sponges,  as  a  result  of  the  same  pro- 

reticalate,  or  coiled  or  even  maasive  stocks  are  formed  (tig.  165), 


Pio.   1(12.— Lonifitucllnol 
aettioQ   UirftiiKb  S^con 

nified.  O,  Oiwuliun 
with  coUu*  uf  Bpicnlcft ; 
HI,  nMlial  tubes  wliicb 
01H9U  Into  the  ceiitrul 
cavity. 
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the  otodificatkiDB  hrfa 
are  mwnloJ,  becoBw  mat' 
cf  anuumoeaji.  and  ptfi^ 

■ke  their  a^p 
aad  fatat  spaoeB  whidi  1 


ft  §111 HM  or  jiiwmfa,  bat 
b^  the  bnaUaon  of  an  and  iperm  < 
The  gcnaales  are  IB  th0  bMh-«»t«r  •$ 
■BMnB  <f  oila  wUeh  are  rarroanded  bjr  ftj 
fii«  ahcU  nr— fiwwd  at  silieious 
{mmfkiditti)^  and,  like  enejrsted 
past  through  a  loag  period  of  rest  and 
tivilY.  After  tb«  expiimdon  of  the  cold 
•t«rifo  season  of  the  jear,  the  oontenta 
oat  of  the  opening  of  the  oapsale  and  | 
tally  snrroand  the  Utter,  hdiI  with  increasnf 
gitnrth  beoome  difl'ereutiated  into  lUDivbaiil 
eeUa  attd  ail  the  esMntial  pitrt-s  of  a  new  nnaU 
cpooge  body.  Multiplioitiun  by  mwins  of 
gemmules  is  alM  common  mnuiig  the  : 
Sponges.  The  gtmmtilts  take  tlieir  or 
under  eertain  conditions  as  small  glotiiilM 
Eorraanded  by  a  membrane.  The  cuuteuti 
are  ee^senti&lly  formed  of  ttpongt*  cells  aod 
spicules,  an<l,  after  u  longer  or  shorter  peiiod 
of  in«cti\nty,  reach  the  erKrior  by  tbe  i 
of  the  membrane. 

Sexunl  reproduction  wiu.  tii-st  demon 

with  certainty  by  Lieberkulin  for  Spon/ttf, 

but  more  recently  luu^  been  shown  to  exut  in 

almost   every  group  of   Sjiouges.     In  nu* 

oases  the  ova  uu<l  s(ieniiiitozua  seem  to  rMch 

maturity  at  ililferent  times  in  the  same  Spoog>> 

The  Kperninto/.on  are  neeilie-shupetl,  and  lie  in  smnll  spivces  liovd 

with  celln.     Tlie  ovii,  like  the  mother  cells  of  the  s]iermatoiioa,  «• 

moditie<l  cells  of  the  jwreiichyma,  an<l  are  derived  from  coUk  of  lie 

Mime  tissue   layer  (mesoderm)  in    which    the    ueodles   and    skeletal 

Ktnictures  take  their  origin.     The  ova  are  naked  aiuoeboid  cells,  ood 

pnsx   into  the  caual  system,  while  in  the   vivi;)urous  Sj/emis  Xhef 


rein&iu  in  the  mesoderm,  and  there  undergo  their  development. 
.  only  later  that  the 
ite<l    embrj'os    or 
fall    into    the 
system,     pass 
and      attnch 
elyes,     to     de- 
into   a   younj:; 
onge. 

Tlie  embryonic  de- 
velopment iimong  the 
Icfireous  spougeB  is 
>8t      accurately 
>wn       for      the 
ttdar  from  the  investigations  of  Fr.  Schulze  luid  Barrois, 


It 


Fio.  IC&.—Sufy'fij'o  ■'j\<-'*fih»  ..  w  ..-^r,-,  w  lib  ti  [.umoer  of 
uscalM.  O  (after  Kr.  K.  ScbuUe). 


JTls.  IQi.  — Developmfint  nf  Hnmn  rttjihttmit  (after  Fr.  K.  SobiiliseK  m.  Rti>e  ovum.  />.  fitn^o 
with  fbur  Mogrmentrntinn  cfilK.  r,  BtUffC  nf  (tefftnenuitmu  witli  nixtpf^n  otUi*.  it,  Gliutoiipherp 
With  tmrgo  d»rk  irnihuliu-  eclU  ut  lUu  open  pule,  e,  Free-swiummi^  l&nn,  one-hidf  i>f  Uie 
XtoAy  (nntotlenxuili  bciii(C  furmtd  of  lony  cilintfil  cells,  the  other  (ct'toilormnli  nf  \tiTgv 
gmnulju-  celU. 
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Aftor  the  couipletion  of  the  toleiubly  regnlar  segmentation  (tg. 
1G6,  <•« — c).  Si/con  {Si/ctnidm)  nipfinuus  passes  through  a-  blast08ph«n 
stage,  during  which  the  greater  hiilf  of  the  ovum  consists  of  cl«r 
cyliiidrii'al  celln,  iiiul  the  smaller  half  at  the  still  open  pole  ot  ]»ip 
iLirk  grauular  cells  (fig.  166,  d).  The  cylindrical  cells  of  the 
half  develop  cilia,  «nd  the  euiliyro  pni«es  out  of  the  body  cavity 
l>eoonies  a  free-Bwimiiiiug  liii'va,  which  attache**  it*(!lf  and  alters 
shaiK<  in  bucIi  a  manner  that  the  dark  cells  grow  over  the  ciliai 
portion  of  the  globe,  which  ix  meanwhile  iuvaginating.  The 
derm  and  mesoderm  are  derived  from  the  dark  granular  cells, 

the  cdliated 
give  rise  to 
entoderm  of 
gastric  cavity. 
Later  on  the  [ntdj 
of  the  spongt<  bo- 
comes  cyllndrickl, 
the  osculuui  makci 
its  appeHrnnce, 
calcareous  ni 
apjjear  in  the 
which  bec( 
pierced  bj- 
(tig.  167)." 

With  tlje  excep- 
tion of  Sjtonffilla, 
the  spongts. 
marine,  and 
met  with  nniltr 
very  difffi-ent 
ditions,  and  covering  a  wide  area  of  distribution.  The  hoi 
sponges  live  in  shallow  seas,  as  also  the  Mifxofjxmgiir  and  Ch 
or  silioiccnitims  Sjionges ;  while  the  /fe-r-actinfJltdof  inhabit  verf 
considerable  depths.  Petritied  i-emnins  of  spongos  are  al^*  fouu'l 
preserved  in  variotts  formations,  for  instance  in  the  rhalk ;  nud 
these  remains  differ  much  from  the  greater  number  of  thfsr 
living.  On  the  other  hand,  the  glassy  sponges  of  the  deep  «e* 
agree  ho  fully  with  the  ancient  forms  that  they  seem  to  be 
direct  descendants  of  the  latter.  Finally,  many  of  the  princi] 
groups  extend  Iwick  into  the  pala-ozoic  age,  in  which  Lithintidir 
ffexactinxllidm  especiidly  are  met  with  in  the  most  ancient  SilariiU) 


Fio.  1B7.— Youhk  Sfem  (lifter  Ft.  B.  8clia1r.c).    O,  Oncnlmn 
or  extitlrnt  B|>ertui« ;    P,  pores  of  Ihe  wall. 
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trata.      Hence  pnlwontologj'  aftbi-ds  us  no  facts  for  determining  the 
phj'logenetic  development  of  the  Porifem. 

CLASS   L— SPONlflA. 
(Witli  t/ie  characteristics  of  Uie  Group). 

Order  1. — Myxospongia  (gelatinous  sponger).  Soft,  fleshy  eponges, 
without  any  skeleton,  witli  a  hyaline  gelatinoua  masoderro,  often 
oODtaiuiug  tibixjus  coixls.  The  wtodet-m  cells  are  fairly  elongated, 
ind  bear  tlagella. 

Fam.  Halisareidn.  l/alUarra  Uuj.  //.  lobularh  O.  8.,  colour  (lark  violet : 
Encniati  stum.-s;  Scljcnico.  II.  Uiijimfhiii  Johnnt..  forms  ft  white  eucmstracut  ou 
the  Ijiminaria  of  the  North  Sc.i. 

Order  2. — Ceraospon&ia   (horny   sponges).     For   the   most   port 
bmnched   or   mafsive  sponge   stockn,   with   a,  framework   of  homy 
IfibreiN  in   which   grains  of   silex   and    sand   are  present  iis  foreign 


Kimi.  BpoagUdn.     Euji/n>Hi/ia  O.  S.,  with  very  clastic  librous  framework,  of 
)ual  sti'ciifjtli  throughout,  mostly  caiiable  of  t)ein}{  used  for  bath  and  washinjr 
A',  (itlriatira  0.  S.,  iquinii  O.  S.,  zimwni  O.  S.,  in  the  Greek  Arclii- 
miiluiiiiitii   O.   S..   Levantine  sponj^'.   cup-ahapecl.     SjhimiiHii   rtrtjiiH-u 
Ifardu. 

Order   3. — Hauchondbi.E    (siliciceratou.s    ^l»ll^lgl•^).     Sjioiige.s   of 

hrery   variouti   shapc^s,  with  iisuaUy  uniiixal    .>iliciuiis   needles,  simple 

9ui>  spicula,  which  are  connected  by  delicate  or  tirmei-  pla.sniatic 

'Sbtictures,  disposed  in  netwnrks  or  enclotted  in  fiponfje  fibres.     Of 

the  numerous  families  the  following  imiy  be  mentioned  :  — 

Kam.  Chrondroiids.  (^(fvinminat),  l-'oriaceoux  s]ion);es,  Cliroiiilronia  reni- 
ttrmu  Narxlo. 

Fiun.  Bnbaritida.  Sponges  of  massive  form,  with  knobbed  hiIcx  spicules, 
hjcb.  as  It  rule,  are  nrrange<l  in  network.  Siilierifm  Nunlo.  S.  i/iiiiiiiiiriitu 
unlii.  Adriatic,  Mediterranean. 

Kanu  SpongiUidn.  Massive  or  branched  with  simple  spiculei*.  eoiinectod  bj- 
'ivcstraeuls  '>f  '^,'ircnde.      Sjitntijilht    ffiiriaf  ilijf  Lk..    iSjK  htrtiiitri*  Lk. 

Order  4. — Hyalosponoia.  Sponges  with  a  firm,  often  hy>iline 
attico-work  of  rilex  spicules,  which  present  the  mast  perfect  form  of 
ix-i'Byed  8i)iculcs  (Hexaclindlida:),  and  may  It^  cemented  together 
l>y  a  stratified  silicious  substance. 

a.  HexaetineUida  (glawy  sponges).  With  eonneeteil  silicioiis  frnmework 
netwiirk  (if  stratified  tiilieious  fibres,  which  join  the  aii-rayed  niliciotis 
bcidies,  fivt)ncntJy  with  Isolated  spicules  and  tufts  of  silex  hairs,  which  serve  t<> 
atUu^b  the  sp(jn(fi'-  They  live  for  the  must  jiart  nt  coiiNideral)le  depths,  and  aiv 
«llie<I   to  the   fossil    VeH.trievliti4ic.     Dartglnriilyj:   Hbk.     EujilirtilUi   ()wen 


222  OQXXTKXATA. 

£.  injur-/ lUnm  Owen.  PhiliiipinesL  la  the  hair  caritr  of  the  gtiufy  Vtf 
are  tiurA  A"j't  tp—t-jiphihi.  aiiJ  a  small  PaltrmoH.  Hgalaurwta  SieUUi 
Grav.  Ja(ian.    IT.  *..>r<<nV  Loven.  Xorth  Sea. 

Ordtr  5. —  C'alcispongi.e.  C'alcareons  epoages.  Usually  colour 
less.  jHJmetunei:  red-coloured  sponges  and  sponge  stocks,  the  skeletou 
of  which  consist  of  calcareous  spicules.  These  are  either  simple 
needier-  (as  they  first  appear  in  the  embryonic  form)  or  three  or  foor- 
armed  cross  spicules.  Very  often,  however,  we  meet  with  two  or  all 
three  form>  of  spicules  in  the  same  sponge. 

Kani.  AwwiiMg  (£>-ii<-<M<>f>'HiV<p,  A-vons).  Calcareous  sponges,  the  walk  of 
which  are  piercetl  by  simple  canaU.  GniHtia  Lk.  (^Lenfotol^nia  Bbk.),  thcM 
are  dirided  by  E.  Haeckel  into  seven  eeneta.  A$cyua.  Ateetta,  Ateilla,  AtetttU, 
Ateulmu.  Afaltit,  Afandra.  aocordini;  to  the  form  of  the  calcareoos  needlM  « 
spicala.  Gr.  Mrt/oidr*  Lk.  (A'fainlra  fimiplieata  E.  Haeck),  Ueligolaad, 
nearly  aUieil  to  tfr-  LirlfrkSliiili  O.  S.  from  the  Mediterranean  and  Adiiati& 

Fam.  Leneonida  ( Oraiitiiiltr.  Leucons),  calcareouii  sponges,  with  thick  mil, 
which  is  pierced  by  )>ranrhcd  channels.  Li Hruitia  Grt..  divided  by  E.  HaeeW 
into  seven  senera.  accordini;  to  the  form  of  the  calcareoiis  spicolcs — X/eucyim, 
Levertta.  Lim-illa.  LrMtfrtit.  Ja ttfiilmi:  Leuetilti:  Letifamira.  Ia  (LtmeetUt) 
jtrimii/tKia  £.  Uaeck. 

Fam.  Syeoadi*  (Sycons).  Mostly  solitary  calcareoos  sponges,  with  thick 
walls,  wliioh  arc  pierced  by  straight  radial  tubes.  The  latter  project  on  the  sortee 
a«  conical  pr(.>miuences  of  the  wall.  SyroH  Ri<so.  divided  by  £.  Haeckel  into 
seven  genera — Si/ri/»*n.  Sgeetta.  S^rilla.  ."^i/eorth,  .SyrWmjx.  Stealth,  Sj/randn. 


SrB-c.ROUP  II. — CNIDARIA  (Coslenterata,  s.  star.) 

i'liJantrratu,  with  conaintent  tUsuea  not  piened  by  a  system  of  pora ; 
■t/te  oncnlum  is  replaced  by  a  mouth  ;  tcith  thread  cells  in  the  epithelial 
tisxiies. 

The  Cuidiiria  represent  the  Ctplentemta  in  a  more  restricted  sense; 
and  in  their  stnictnre  the  radial  symmetiy  appears  more  strongly 
marked.  In  tliom  the  ama>boid  cell,  as  an  independent  tissue  unit, 
loses  its  importance  for  the  functions  of  locomotion  and  nourishment, 
although  the  entoderm  cells  often  possess  the  power  of  ahsortang 
solid  particles,  after  the  manner  of  the  amoelxe.  The  ga^trovascular 
appamtus,  on  the  contrarj-,  functions  distinctly  as  a  digestive  and 
•circulatory  Ijody  cavity.  Pore  systems  in  the  skin  are  not  required 
for  the  introduction  of  nourishment,  since  the  month,  which  corre- 
iipondfl  to  the  osculum,  provides  for  the  reception  of  footl.  Nemato- 
«y8t8  are  very  commonly  foimd  as  productions  of  the  epithelial  cells, 
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Fio.  168. — Grriiip  of  nemiuucysts  ftt  the  ond 
of  Uifl  tcnu«1e  of  a  Sn/fiMiloma 


iicipitUy  of  the  ectoderm,  hut  iilso  of  the  entoderm.     EJach  Cnido- 
i,  from  the  contemt^i  of  wliicL  h  uematocyst  is  developed,  pot<8e«!«K 

fine  superficial  i)la«matic  proiess  {Cnidoeil),  which  is  probably  very 

Qfdtive  to  mechauiciil    stimuli, 
oocAsioiui    the    bui-sting    of 
c^isnle. 

Very  fretjuently  tlieCnidobksts 
«re    found   thickly    gi-ouped    to- 
other ttt  certain  places,  and  form 
wsrt-like    swellings   or  batteries 
(fig.  168).     The  diffei-eutiation  of 
tasBues  und  organ!-  also  upj)earii  to 
hiire   teached  a  higher  stage  in 
the  Cnifinria,  in  c<>uipurison  with 
the  Porij'eru,  in  which  cuidobl&sts 
have  not  hitherto   lieen  di.Kcovered.     Sense  cells,  in  particiilar,  are 
found  in  the  ectoderm,  and  these  are  not  seldom  gitiujied  together 
OS  specific  !«nse  orgivus.      Nerve  cells  and  fibres  are  also  present ; 
the  latter  often 
form     H    deeper 
layer  of    fibrous 
tracts    beneath 
the      superficial 
layer    of  the  ec- 
toderm,       with  ■^^^Ij^,.  ..>>;,  );,)>. 

which  they  stand    Pio.  las.— LonvitndJiuil  wctinn  through  tho  norvBrlnjf  of  CTkaryiiioi. 
i  n         connection       *■  ^*''**  "*""  '"  *'"'  ectodtrm ;    Or,  franKlioo  cells  1   Sf,  nerve 
fibres  -,  ffcf,  aopportin^  l&mella ;  X,  entoderm  cells. 

through      pi-o- 

MKes  of  the  sense  cells.  Amongst  many  Medusa*  (Crriapedoln  and 
CKnryhdtta)  we  find  ii  single  or  double  nerve  ring  near  the  edge 
of  the  disc,  while  in  the  Polyps  (Aetinut),  the  nerve  fibres  have  a 
ore  irregular  distribution  (fig.  169). 


CLASS  I.— ANTHOZOA'-ACTINOZOA  iforal jm-Ii/ju). 

Potypt  witfi  irsopluigtal  tube  and  meaenteric  foM.s,  witfi  internal 
tire  orgaiis  (no  viedntoid  aextttd  generation),  ttmi/dli/  loith  solid 
emtal  txileiireoua  s/cdeton. 

Tlie  polyps  of  the  Actinozoa  are  distinguished  from  the  polj'ps 

Khn-nberg,  "  BcitrSge  lur  phjsiolnpischen  Kviintniss  ilcr  KnralltnthiLra  im 

^Igemeiiien  ami  Ixaionriers  des  rothcn  Mcurv.s."     Ehrcnbt-rif.  ••  Dlxr  die  Nntur 

tind  BUdungder  Korallenbanko."  .IW<.  r/rr  IJirl.    Aktiil,  ls32.    Ch.  Darwin, 
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of  the  Hydromedusae  by  their  l&rger  fdze  and  the  mon;  coa- 
plicat«d  structure  of  their  gastrovascuhir  cavity  (fig.  -43).  Tk* 
Litter  is  not  a  simple  ca\"ity  in  the  lx)dy,  hut  is  divided  by  numenut 
vertical  partitions,  the  mesettteric  fcid»,  into  a  bystem  of  vi<r 
pouches  which  communicate  with  one  Another  at  the  bottom  ~ 
the  giistric  ca\-ity.  In  addition  n  system  of  cspillary 
also  frequently  present  in  the  l>ody  wall.  At  their  upjier  ertt«i 
the  pouches  are  oontinuuu^  with  the  canals  lending  into  the  ho 
t«ntacle«,  since  the  edges  of  the  uiesenteiieM  bounding  them 
with  the  wall  of  tite  oml  tube  which  hangs  from  the  mouth, 
opening  may  howervia'  persi^it  in  ench  mesentery  undeructith  the  ( 
disc,  putting  the  neighbouring  chambers  in  communication, 
oral  tube  Itas  the  signilicance  of  an  cesopliagu>,  and  jtos^esseK  ati 
internal  end,  where  the  peripheml  chamlters  open  into  the  ivnl 
cavity,  an  opening  capable  of  being  olo«ed,  by  means  of  which  1 
cavity  ^•tands  in  communication  with  the  ga-strovascular  r.ystem. 
mouth  i*  iu*e«l  not  only  for  the  reception  of  fiH»d,  but  also  for  the  1 
jection  of  escretn.  The  secretions  of  the  coiled  and  twisted  filama 
(DMeentoric  tiliuuent^)  at  the  edge  of  the  roe^senteries  mu.st  be  reg 
as  aiding  in  digestion  (fig.  43>. 

The  lioily  of  the  polyp  consists  of  an  external  cotitiug  of 
an  intenuil  layer  lining  the  gastric  cavity,  and  an  int 
connective  ti.-«ue  layer  of  verj'  various  thicknea*  and  stnictfl 
(mmodenii).  The  latter  appears  rarely  as  geluttuons  tissue, 
more  frequently  as  a  tough  homogeneous  connective  tissue  containio 
spindle  and  star-shaped  cells  i^Aleyonida,  GorgonioUz).  Tliis  ti.«>ne  cm 
also  assume  the  form  of  fibrous  connective  tissue,  and  benjcao  i| 
seat  of  calcareous  deposit-s.  Muscle  fibres,  which  take  their  ori| 
from  the  entoderm  cells,  can  also  appear  in  the  mesoderm  ;  while  I 
newhr  discovere«l  ecttxlermal  sense  epithelium  and  nerve  tibr 
keep  their  saperticial  position  in  the  region  of  the  oral  disc  and  ( 
the  tentacles.  The  generative  products  arise  on  the  taamatetv* 
near  the  uiesenterio  tiUmentji  as  band-shaped  or  folded  thickening*, 
and,  acoi«>Ung  to  Hertwng,  are  products  of  the  ent'fvlerm.  The  »esm 
are  for  the  most  paA  separate,  although  hermaphrodite  indi^idmli 

"The  Stmirtiirv  nml  Distribution  of  Oonl  I'  i'li.  ls-t2. 

••  Tnitiil  St«(c»  Kxp!  Kii--(iti.<n.Kvv>j\hTt'-«  -a.  !«<«. 
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met  with.     la  iiire  cases  all  the  indixaduaU  are  hermaphi^cKlit(<. 
CeritiiUhiu. 
The  embryos  produced  from  the  fertilised  ovum,  which  undergo 
jcomplete  segmentation,  ara  fi-equeutly  )x>rn  alive  as  ciluted  lnvve, 
iA  pos-iess  au  internal  gastric  cinnty,  and  an  oral  aperture  situated 
the  fwle,  which  is  directed  backwards  during  movement.     They 
ti-X  themselves  by  the  pole  opposed   to  the  oral  aperture  and 
otruJe  in   the  region  of  the  mouth  tii-st   two,  then   four,  eight, 
Ive,  etc.,  tentacles  ;  in  the  Octactiuin  eight  tenUicles  at  once. 
In  the  Poh/uctinui,  the  tentacles  and  niesonteric  [louches  of  which 
!  aminged  in  multiples  of  six,  it  was  till  i-eceutly  erroneously  believed 
ilh  M.  Edwaril.>i  thiit  six  primaty  mesenteries  wei*  first  developed, 
six  secondarj'  between  them :  then  twelve  were  formed,  then 
f-foor,  etc,  so  that  mesenteries  of  equal  size  were  of  equal  age 
lielonged   to  a  cycle   formed  at   one  time.      Lacaze   Duthiers 
rever  produced  pj-oofs  that  the  increase  of  mesenteries  and  of 
ataeles  follows  an  entii-ely  different'  law  of  growth,  and  that  these 
jres   in   the   first   phases   of   development    show    a    bilateml 
tty;    and   it   ii*    only   later   that   the   six    ludial   symmetry 
^pears  by  the  equaliaition  of  the  alternating  elements  of  unequal 
A   i-enuumt  of   the   primitive  bilaleni!   symmetiy  is  moi-eover 
en    pi-eserved   in   the   elongated   mouth   slit,   which    falls    in    the 

of  the  two  primary  tentacleti. 
Amongst  the  Pn/i/netlnui  the  verj-  young  larva*  of  the  Actinia 
{A.  nt«*«iiihri/aiU/teinuin,  Sayartia,  limimle^)  have  been  most  awu- 
r»tely  iiive.->tigiitefl.  Thej'  are  small  ciliat«d  planula",  one  jjole  of 
which  Is  somewhat  dniwn  out  and  besirs  a  t\ift  of  longer  cilia.  Tlie 
opposite  end  of  the  Ixxl}*  is  datteued  and  piei-ced  with  a  mouth. 
This  !eacU  by  a  sliort  (esophageal  tube,  which  arises  by  iuviiginatiou, 
into  the  narrow  gastric  c3\-ity.  The  tirst  ditlerentiation  consists  in 
the  appearance  of  two  folds  placed  opposite  ouch  other,  which  divide  the 
g»!>tric  cavity  into  two  uue<iu*il  dmmbers.  The  month  is  dniwn  out 
in  the  form  of  a  longitudinal  slit  -symmetrical  with  and  at  right 
angles  to  theae  primal-)'  mesenteric  folds ;  so  that  by  means  of 
them  the  ponitiou  of  the  median  plane  can  be  determineil.  Two  new 
folds  soon  ari.se  ill  the  larger  diamber,  wliich  we  will  cull  the  anterior  ; 
these  lie  opposite  to  one  anothei*  and  symmetrically  with  the  median 
plflLOe ;  so  tluit  four  chambers  are  now  present,  im  anterior,  a 
inor,  and  two  smaller  lateral  oue».  A  tliird  pair  nt'  folds  are 
"Jopwl  iu  the  posterior  space,  and  a  fourth  p(»ir  follow 
1m»  lateml  chamber.-  :  the  fourth  pair  are  slightly  smaller 
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than  the  preceding  ones.  After  an  iiiten'al  four  new  folds  appear,  ooe 
on  each  side  of  tlie  two  primary  mesenteries  (tig.  1  70).  The  twiiw 
gosti-ovascMlar  cbimJxTs  th«s  formed  i^radually  become  equal  is 
size,  liiid  citii  lie  seimrnteil  into  two  un^iaired  chiitubens  ntiated  id 
the  metlian  plane,  ajid  into  tive  pairs  placetl  symmetrically  on 
either  »ide  of  it. 


Fia.  I70.-Frum  the  hi»lory  of  the  devclcptiieni  of  Artinio  mr^rmhrjamthrmnm  (*tUT  1 
Dulhlen^).  u,  Lttj-va  vritli  cUrhl  luaeutories  niid  two  <Htilpil  iMiiuIti;  O,  iumiUl  ft, 
more  eilviwced  XttTva  with  the  rrimmtnicemciit  of  elffbt  t«uUicleM,  r,  i/,  Yauug  Jc* 
with  twenty -four  tentacloft,  two  loo^tudiiutl  nectioiui  la  riirfat  wiK-lei  to  nrte  auoUitft- 
Moutb  fuid  tentAcle*  Aecu  from  tho  oral  iturAicv. 

The  tentacles  begin  to  develop  before  the  appearance  of  the 
and  sixth  pairs  of  mesenteries.     They  appear  at  the  oral  end  of 
giLstrovBAcnlar  cliombers,  and  the  tentacle  of  the  anterior  unp 
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Fio.  171.— «/<ij<<rfro«^«» 
ttNfrij)  (Kfter  C-  Boin- 
per).  £f  ,  UUcral  bad. 


bninber*  appears  first,  suipii<>sing  in  size  those  which  follow  it.  The 
^posit«  (posterior)  unpiiii'e<l  t4?ntjicle  unci  the  other  ptired  tcmtacles 
en  make  their  first  appearance  as  Kmall  wart-like  prominenceti. 
Then  the  twelve  tentacles  have  l)een  formed,  they  become  alter- 
fctely  equalised,  so  that  .six  larger  tentaclex, 
ngst  which  are  recJconed  the  unpaired  ten- 
iles  of  the  long  axift,  alternate  with  the  same 

numlier  of  smaller  oneK,  and  we  have  two  circles 

of  (ax  tentacles  of  the  first  and  the  same  numlier 

of  the  second  order. 

The  asexiuil  re])roduction  by  gemmation  and 

fission  is  of  great  significance.       Buds    nin    be 

formed  in  various   positions,  even   at   the  onil 

end,  in  which  case  a  strobila-lLke  form  appears. 

In    Bln-ttotrochug    the     buds    appear    at    right 

angles  to  the  axis  of  tlie   parent   animal    (fig. 

•71). 
If  thp  individuals  so  pnxluced  I'emain  connected  with  one  another, 

a  polyp-st<Jck  is  formed,  which  may  attain  very  various  forms  and 

great  idxe.      A&  a  rule  the  individuals  are  imbe<lded  in  a  common 

body  mass,  tlie  camenchi/vi,  and  their  gastric  cavities  communicate 

more  or  lew  directly,   so    that 

the   juices  acquired  in  the  iu- 

dividuat    {Kil^-ps  penetrate  into 

the  collective  stock.     Tliis  .stock 

affbrdft  us  an  excellent  example 

of  an  animal  community  liuUt 

up    out    uf    similar     inemlters. 

The  formiition  of  the  genenitive 

pniductfi  alone  is  distributecl,  as 

»  rule,  to  difliereut  individuals, 

which,    however,  unite   in  dis- 
charging all  animal  and  vege- 

totive  functions   together   (fig, 

172). 

Tbeskeletid  formations  of  the   Fio.  172.— Brunch  of  k  Poljjiiiritim  of  (i.nlliHm 

poJyp«  are  ►pa.-inUy  worthy  of     '-»"- (•"«  i-««»  Duihi^).    f.  miy,,. 
remark  (Poli/jmriu).     In  almost  eveiy  case,  with  the  exception  of  .Ic- 
tinia,  Ihere  is  a  deposit  of  solid  cnilcai-eous  matver  in  the  mesoderm,  and 

*  Uke  the  fimt  tentacle  of  the  young  Scyphistoma  fxilyp  among  the  Uyilro- 
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according  to  the  density  of  this  deposit,  there  is  produced  a  lenthwrP 
chalk}',  or  even  stony  framework. 

If  isolated  needles  or  toothed  rods  (tig.  173)  of  calcareous  oufa 
are  ilistrihiited    lienenth  the    epidermis  and   the   c«*nenchym», 
pol\'p-«!tock  ha*,  a  Heshy,  leathery  nat\ire  (Ak;/onuria)  ;  but  if,  on  I 
contrary,  the  calcai-eous  structiu^s  are  fused  together  or  are  oementMl 
together  in  a  larger  mass,  ii  solid,  more  or  less  tirui,  often  stony  i 
careoiis   skeleton   is    devekiped   (Madrejmraria).     In    the    indiviiln 
animals  the  formation  of  this  snb-epidermic  skeleton  begins  un  tkc 

foot  surface,  and  advanop? 
thence  in  such  a  manner  thai 
near  the  calcareous  foot-pb 
tliere  is  formed  in  the  uud 
part  of  the  poK'p  IkxIv  a  luor* 
or  less  cup-shaped  theca,  from 
which  numerous  perpendiralir 
plutt's,  the  ittptit,  mdiat**  in- 
wards. In  the  cup-slinpeil  eal- 
cfireous  fnuuework  of 
indi^-idtuil  l)ohii,  the  struc 
of  the  gastniva-sctilar  ca%ntyj 
repeated,  with  the  except 
that  the  caloaivouB  aepte 
respond  to  the  iuterspac**  i 
the  iiiesenterie«  (tig  1 74 
The  ntunber  of  the  ^<>pt• 
creiiises  as  docs  that  of 
mesent«nos  and  t«ntAcleA  wif 
the  age  of  the  polyp  aocor 
to  the  same  Inws.  At 
same  time  »  gnsttt  utuiil) 
of  systemHtically  Imj 
modifications  of  tlie  skeleton  are  effected  by  fnither  difterentiati 
A  column-like,  calcareous  mass  sometimes  arises  in  the  axis  of 
cup  [coluweUtt),  and  in  its  neiglil>uiirli<x>d  a  circle  of  culcar 
nxls  (jMili),  which  tire  separate  fwm  tlif  >eptH  (fig.  175).  There 
further  lie  formed  between  the  luternl  stu-fiices  of  the  sept.-t  prow 
of  calcareous  subxtanoe  as  interseptal  rmls  or  horizontal  shrU 
{di«s«pimeiitn) '.  also  on  the  out^r  side  of  the  wull  of  the  thmi  i 
{costw)  projecting  beyond  its  external  surface,  and  similar  dis 
ments  may  l>e  jiroduced  l)etween  these. 


Kio.  178. — Calcareouft  boftlea  (RcltrtuUrmitnj  nt 
Alryomarut  (after  Kolliker).  a,  of  Plfstanr*Ua. 
b,  of  Qoryvnta.    c,  of  Attyomium. 
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The   important  diversities  of   form  in  the  polyp    stocks  are  not 
Jy  occasioned  by  the  diflerences  of  structure  of  the  skeleton  of  the 


Pio.  171.— Teniea]  section 
through  Iho  cu|)  of  Cfalii- 
mi  Cgiitkiu  (after  Milne 
Edwanb).  8,  Septa ;  P, 
pali ;  C,  colmnelU. 

polyp,  but  are  also  the 
resultant  of  vaiying 
methods  of  growth  by 
gemnuition   lind  imper- 


T^6.  l"4.--Vertical  i^ectinu  tbroai^h  a  polyp  of  Attroidtt 
mlgmiaru  (*f ter  Lacwu!  Datblera).  The  muaUi  open- 
ing anil  (c«opbJM!eal  tube  are  MeQ  M  well  ■«  the  me- 
lODUriM  flMWned  lo  Uie  tame;  aUo  tbe  calcannos 
twtween  the  nMonteriee,  and  the  columella  of 
!  ikeleom,  M: 


feet  fission.  According 
to  the  method,  iiume- 
rou«  moditioition.''  of 
branched  stocks  are  dis- 
tinguished, '•..g.,  Mddre- 
port*  (tig.  176),  UciUi- 
nitlte  (fig.  177),  and  the 
lamellar  and  massive 
stocks  U.S  AslrcKft  (fig. 
178)  and  the  M<ean- 
driiiixla- (&g.  179). 

Tlie  AtU/tozoa  are  all 
inhabitants  of   the  sea, 
live  mostly  in  the  warmer  zones,  but  certiiin  types  of  the  fle.shy 


,  ITC.—Madnjiofa  vernt' 
con  after  Ed.  H. 


Fia.  177.— BisnchorOn- 
film  tpfttoM  (after  Ed. 
H). 
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Octnctinin  and  Actinia  are  distributed  in  all  latitudes.  The  polyi* 
which  build  banks  and  I'eefs  are  confined  to  a  rone  extending  aboat 
28  degi-ees  on  either  side  of  the  equator,  and  only  here  and  th«» 
extend  beyond  these  boun4s.  They  live  for  the  most  part  near  tlu! 
coast,  and  pixxluoe  there  in  coui-se  of  time  rockj'  masses  of  colossJ 
extent  by  the  accumuhitions  of  their  stony  calcareous  fraineworlo. 

Tliese  masses  may  form  coral  t 
(alolU,  Intrrier  retj's,  fringe 
ree/t),  whicli  are  perilous  to 
ping,  aud  may  also  become  tbr 
foundations  of  islands,  Ln  bath 
caseiM  a  gradual  alteraticm  of 
level,  the  raising  of  the  bott' 
of  the  sea,  assists  the  work 
the  coral  animals.  The  p 
of  the  com!  banks  in  the  de^ 
seii  is,  on  the  othei'  hand,  due 
to  a  continual  sinking  of 
sea-bottom . 
The  part  which  the  AntlMZon  take  in  the  alteration  of  the  eurtll' 
surface  is  coiisidenible.     In  the  present  time  they  protect  the 

from  the  consequi 
of  the  breaking  of 
the  waves  and  aeast 
in  the  formiitton  of 
islands  and  rocks  hj 
producing  immeiue 
masses  of  cnlcnreoi 
iiiiitter.  In  eiirl 
geolc>gintl  ejKvh!?  tin 
lia\-e  pinyed  a 
more  important 
judging  from  t 
great     tliickuess 

the  coral  formations  of  the  Paheoeoic  period  and  of  the  Junutdr 
formation. 


Fig.      17S. — Attriza     ftioimurirtfaj     fnvtinatu 
Rhrbj?.  {mSxer  Klamungcr). 


Fin.  1?M.- 


-ifitamtriHii  (Ct^Utrini  urobtini  K\%.  (after  Kltlu. 
singer). 


Order  1. — Ruoosa  =  Teteaooralua., 

PaUrozou:   Corah  with    nuuierout   si/mnvetricallii   aiTntufed 
yrou]ted  in  mu/tiplev  qf/ojir. 

To  these  belong  the  families  of  the  Vyathopliyllidft,  8lauridat,\ 
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Order  2. — Alc  von  aria  =  Oct  actinia. 

Polyps  and  polyp  stocks  vnth  eight  plumed  tentacles  muL  the  same 
mtmber  oj'  uncaicijied  mesenteric  folds. 
The  calcareous  secretious  of  the  so-called  cutis  lead  to  the  forma- 
of  fleshy  polypiria  or   of  friable  crusts  surrounding   an  axial 
leton,  which  is  sometiuies  horny,  sometimes  calctireous  and  stony, 
of  rigid  calaireous  tubes  {Tnbipora).     lu  all  cases  detinite  cal- 
bodies,    the   sclei-odermites,    form    the    foundution    of   the 
on.     The  embryos  are  montly  boni  as  ciliated  larva;,  without 
mesenteries  or   tentacles.     The  sepai'ation  of  the  sexes  in  ditierent 
individuiibi  is  the  mle  (fig.   172). 

1.  Fam.  Alcfonida.  Fixed  polyp  stocks  without  axinl  skeleton,  ustuUy 
with  a  Ucsliy,  lealherj-  polypuriani,  with  only  a  slight  Jepositioii  of  calcareous 
I  matter  in  tbe  cuii^.  The  euluiiieo  arise  cither  throagh  lateral  gcmmntion, 
^kvben  they  form  lobetl  and  ramitietl  iiiOeHeM,  r.>/,  Alfijvniiim  jialmatum.  Pall., 
^mdifitatmn  L..  or  the  iudividual  animals  aw  connected  by  basal  buds  an<l  root- 
^Kske  |irvjcc»»es.  <.</.,  ('nriiuluriii  rroKttt  Kdw. 

^r  2.  Kain.  PennataUdn  (Sea  feathers).  Pulyp  stocks,  the  naked  free  liasis  of 
which  is  emlxtlded  iu  sand  and  mud,  usually  with  huruy,  eaiily  bent  axial 
skeleton.  There  are  snuill  sterile  polyia  as  well  as  the  sexual  animals.  The 
presence  of  an  opening  in  the  stem  for  the  ejeotinn  and  reception  of  water  is 
worthy  of  remark.  The  animals  sometimes  arc  placed  un  the  side  twigs  uf  the 
stem,  and  the  polyparium  is  feather-like,  rjj..  Pi HimtHla  rubra  Ellis  ;  some- 
times they  arc  distribute<l  on  all  sides  of  the  simple  stem,  c.//.,  the  dicecious 
VrrrtiUtiiH  ri/Hiiiiiiiriuni  Pall.  In  other  cases  the  polyparium  appears  flat  and 
•bapfMl  like  a  kidney,  with  a  bulbous  rnut  nnlhoul  an  axis,  llrHilla  rinlarea 
;lQDoy.  liaim..  or  a  kind  of  umbel  is  formed  by  the  ajiKregatiuU  of  the  polyps  at 
U>e  upper  end  -A  n  long  stem,  rm//<-lliilo  ThvmiioHii  KiiU. 

3.  Kam.  Oorgonida.  The  fixed  colnnies  possess  a  homy  or  calcareous  tree- 
like branched  axial  skeleton,  which  is  surrounded  by  a  friable  crust,  or  by  a 
softer  |>areuchjtua  containing  calcareous  particles.  The  Ixidy  cavities  of  the 
individual  animals  eonimunicule  by  branched  vessel-like  tubes  which  contain 
the  common  nutritive  ttui<L     The  axis  is  either  horny,  flexible,  and  unjointcd, 

cjj.,  (iorijoain  rrrruciiii  I'aU..  (^Sliipulwjorijiu)  tUihrUvm  L.,  or  composed 
alternating;  horny  aud  calcareous  segments,  as,  cy..  /«m  Iiijijiun4  Lam., 
tit  htm  ivhrufra  Lam.,  or  stony  and  formed  of  calcareous  motter.  The  red 
iral,  Coraltium  mhrmii  Lam,,  falls  uuder  the  lost  head,  and  yields  the  coral 
mc  which  is  used  in  jewellerj*.  Tliis  s|)ecic8  is  found  in  the  Mediterranean, 
the  rocky  coasts  of  Algiers  niid  Tunis,  uud  there  forms  au  importitut  object 
of  industry-. 

4.  Faro.  Tnbiporida,  organ  coral.     The  puliparia  resembling  the  pipes  of  an 
ti.     The  animals  are  jJaced  in  parallel  c^careoaB  tubes  connected  by  bori- 

platcs,      /'«//(/«>(•«  Hi'iiiprirlitii  Ehrbg. 

Ordsr  3. — Zoanthaeia  =  Hexactinia. 

Polyps  and  polyp  stocks,  whose  tenlitcles  usually  allernals  in  several 
and  are  either  six  or  some  multiple  of  six  in  number. 
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T}ie  body  is  seldom  quite  soft,  or  with  a  leathery  fmmework;  mi 
rule   it   hiiii  a  calciU'eous   stuny  polypariuni  ^\-ith    nidiol   ^tmticA^I 
Separated  eexes  are  the  rule,  but   hernmphrodite  polyps   (Aetin 
lire  not  iseldom  to  lie  met  with.     Tlie  polyps  very  genenilly 
their  embryos  for  a  long  time,  so  that  they  ai-e  bom  eight  or  tw 
niyed,  with  rudimentary  tentacles.     Many  give  rise  to  coral 
and  islandK  (figs.  175 — 179). 


1.  A.VTiFATUAHiA.     MoHtly  with  only  six  tentacles,  and  boBiy  ekvlcta] 
Fam.  Antipkthidc.     Pdlyp  stocks  with  soft  non-calcanoac  body,  but 

simple  or  branched  axial  skeleton.     Only  six  tentacles  Borround  the  month,', 
AHli/iatliin  I'all, 

2.  ACTIKIARIA,  with  no  hard  structure. 
Fam.  AotinidK,  w-ith  soft   Ixxly  ;    sometisieg    single  animals  with 

alternating  circles  of  tentacles,  Actinia  L. ;  sometimes  connected  in  stolcsu 
and  aggregated  to  form  stocks,  .^Jmh/Akji  Cuv.    The  former  ni-e  able,  by  meant 
their  contractile  foul,  to  leave  their  place  of  attachment  and  to  more  fi 
Many  reach  a  relatively  considerable  size,  and  |>os.-ess  beautiful  coloons.     Ci 
the   name  of  sea  anemones   they    arc  the  ornaments  of  s&lt  water  aquai 
Actinia  nu'rmhri/itiitlii'Himu  L.    The  skin  somelimi's  secretes  n  glutinous 
filled  with  nematocysts  or  a  kind  of  membrmie,  (WiitHtliut  Delle  Ch. 

3.  Madbepobabia  with  continuous  hanl  calcareous  skeleton, 
(o)  Ajiiiriwi . 
Fam.   Turbinolida,     Mostly  single   lulyps  witJi  compact  calcareous 

work,  imperfurate  thecie,  and  well  dcveli'{ied  septa,  the  spaces  between 
are  open   to   the   Viottoni.     'J'urtiiMnlin    Lain.,  Flahrlltim  Less.,    CaryopJk 
Lam.,  C.  rijiitliMt  I^m.,  Iilii'totrivhui  Ed.  H. 

Fom.  Ocnlinida.     i'olyp  stocks  \Nith  bard  usually  branched  (lOlypariam, 
coenenchyma  rich  in  calcareous  matter,  and  but  few  septa  in  the  cnp  of 
individual     (huliiia    ririjinm    Less.,   Indian   Ocean.    Amj/fiihrlia  ueulntA 
white  corals  of  the  MediteiTanean. 

Fam.  Astralds,  Star  corals.     Mostly  massive  pcdyp  stocks  with  fused 
and  without  coenenchyma.     The  septa  have  sometimes  cutting  edges, 
toothed  edges.     The  interseptol  spaces  are  filled  with  horizontal  partition  walK 
EvAuiilia   Kdw.    The   single   iininials   arc   produred   by   fission    and    icmaifl 
connected   only  nt   their  bases.     They   jircKluce  n  cetipitous   [lolyparium, 
septal  edges  of  the  cuji  being  cutting.     (•' aUij-ea  Okeu.     The  single  cujjs 
by  gemmation,  are  free  at  the  u|)i)er  edge  :  tlie  septa  have  cutting  edges,  A*l 
Lam.,  single  cups  fused  throughout  the  entire  wall.     The  septal  edges  lA 
cup  arc  jagged.    MrruiiilrlHa  Lam.,  the  neighbouring  cape  fused  to  form 
valleys.     .V.  C'riumi  Kdw.  H. 

Fom.  Fun^da.  .Mushroom  corals.  Tsually  with  large  flut  single  caps,  some- 
times [wlyp  slocks  ;  without  theca;,  with  numerous  strongly  developed  wpti, 
tootheil  and  connected  by  srnapticulfe.  Fnugia  di*rut  Dana.,  IfaUmiln 
Uana. ,  Lojilitunri*  Kdw.  H. 

{!/)  firforatu. 

Fam.  Itadreporidc,  Madrepores.  I'olyps  and  polyp  stocks  with  poiuw 
ojcuenehyma  and  |>erforate<l  tbece.  Oastric  cavity  open  at  the  bottom  and 
couuunuieating  with  the  central  canal  in  the  axis  of  the  branched  polypahom. 


raJl>. 
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Dt  slightly  ilevcloi>ed.      .Vadn /mm  rirjticuritU  Lam^  Driuinijilii/llia 
Hw.,  Me<literran«iji,  AttroiJet  rulijciihiriJi  I'all. 

CLASS  II.— POI.YPOMEDl'S.K.'     [HYDHOZOA.] 

'^olypa  witlioui  aaaophagml  tit}>n,  with  simple  j/astrovascidar  cavity. 
gtnercUive  ahinetds  are  developtd  in  inediumdform*  whielt  mat/ 
ihtr /ret-SKimming,  or  purmaneiilly  attached  to  hi/droid /oriti-t. 
class  iiichides  the  small   polyps  and   [lolyp  stocks,  and  the 
which   form    the   aexuol   generation.     The    Pulyjxtiiuduaa 
always  u  simpler  structure  than  the  Ant/tozoa  to  which  they 
i\so  usually  infe- 
in   axe.      They 
cetiophagnK, 
and  gasUtivas- 
pouches.     Only 
polyps  of  the  a- 
geoeration   of 
8cyphoniedu.-« 
ispeda],     known 
Scyphistoiiui,   pos- 
a    remnant    of 
gastric    folds   as 
four     gastric    ridges 
ittpiu  which  tiluments 
■Be    developed.     The 
poljp  stocks  develop 
in  rare   cases  {Jlille- 
poridtt)     a     compact 
CklcareouN  fituuewurk 
oompwnble     to     the 
^olyptirium.       When 
^^■eletal      formations 
flre  present  they  con- 
ast  as  a  rule  of  moi'e 
or    less    homy  secre- 
tions of  the  ectoderm, 
which      as     dehcate 
tubeH  Bunvjund  the  stem  and  its  i-amitication£,  and  sometimes  form 
small   cup-like   structures   surrounding   the   poljrp,    and    known   as 

•  Escbolli,  "System  der  Acalephcn,"  Berlin,  1829.     Th.  Huxley,  •Memoir 
the  Anatomy  and  Affinities,  of  the  Mudusie,"  Phil.  Trait*.,  London,  1849. 


Pig.  Itioii.— Brnnch  nf  un  Ohclin-itock  (0,  grlaliuoia).  O, 
Mf)uih  of  u  uutritivf)  polyp  witii  extended  t«nuu!le«.  Jf, 
McUuiui  budt  OQ  the  body  of  a  proUferoiu  i)ol>'p  (bU«to> 
atyle) ;  Tk,  bell-abaped  cup  (tbeca)  of  u  nuuiUve  polyji. 


bjdrotlieae  (fig.  180  a).     A  more  or  lees  stiff  mesoderm  kmelki 
alao  developed  in  the  interior  at  tke  body  wall,  between  th«  • 
and   the  endoderm.     This  serves  to  isupport   the  soft    parts  of  i 
anim&l.  and,  in  the  JVerftMfe,  is  in  part  represented  by  the  gelatiocuB 
connective  tLsue  of  the  disc. 

The  Mediua  (fig.  180  h)  is  without  doubt  morphologically 
than  the  Polyp,  since  it  represents  the  mature  sexual  individa 
while  the  Polyp  performs   the  nutritive  and  vegetative    func 
The  Medusa,  in  eorret^xjndence  with  its  power  of  free  locomo 
pOBBCBaoc  an   ectodermal   nervous   .system   and   sense   organs, 
nervous  system  consists  of  nerve   fibres  and   ganglion  cell.'-,  anil 
usually  specially  concentrated  round  the  edge  of  the  Jix-,  where  i 

forms  a  double  riu  I 
fibres   running 
to   the    ciroolar  nmi. 
The  sense  organs  ate  tli* 
t^o-called  marginal  bwiii 
The      geuenitive 
ducts    of    the    Med 
either  have  theii- 
in     the     ectoderm, 
which  ca,se  they  tnayl 
de>-eloped  on  the 
isui-face  of  the  dii«  (s 
luuhi-elLi)    in    the 
derui     immediately 
deriving     the     radt 
cnnul.s  ( EyieopUttf ),  > 
the    ectudenn     iif 
luatiubrium  {Oceanidn.) ;  or  they  may  arise  from  the  endoderm  1 
tlit>  iiiiilcr  snrfuff  of  the  lunlu'eila  {Sci/pluvnfdu-mr). 

I!<ith   I'ulvjj.s  mill   MlmIus;!'  frt-tiueutly  remiiin  at  a  lower  gnid*| 
iii(ir|iluil(igic'iil  ililVefentiation.  the  former  becoming  polj-poid  anr 
diigi'H,  till'  liilter  mwlusoid   i>uds  enclosing  the  genemtive  prodtu 
In  either  ch.m'  they  are  .^ituateil  on  the  stem  or  on  some  port  of  ( 
Polyp.     The  individuality  of  such  appendiigetj  appears  limited; 
tiiislu.soiil  or  jHilyi>oid  uuiuinl  sinlcs,  physiologioilly  speftking,  to 
viilue  of  II  portion  of  tlii'  Viody  or  of  an  organ,  while  the  entire  I 


Fitt.   180  1.— Kieo  Mediuttof  Olieti*  i^laliuuisai.  an  }ct 
wltUanl  irtivor»tivo  or|i«Jui;  g,  niiiUlory  veniclei. 


U  AyiuwjK,  "  Ooiitrihtitioii  to  till' 
loitlue,"  vol.  111.,  INfii'       '  ' 

T<un.  I.  and  II.,  .Irim.  : 


ITfiUal  SIMM,  km- 
■^m  JMom,' 
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ipproirhes  more  nearly  to  a  single  organism.  The  more  completely 
[wIvmoiphLsm  and  di\n8ion  of  Inboufare  impi-essetl  upon  the  jHilypoid 
inil  maiiiHoid  appendages,  so  much  higher  becomes  the  unity  oi  the 
whole  which  is  morphologically  a  colony  of  animals,  tn  these  cases 
lit  if  ofUm  difficult  to  distinguish  l>etween  liudding  and  .simple  growth. 
'  v  long  time  it  was  considered  as  a  remarkjible  circumstance, 
By  lulmittiug  of  a  satisfactory  exjilanj^tion,  tlwt  organisms  which 
to  widely  as  Polyps  and  Meflusie — they  had,  indeed,  been 
f'nMtasticalty  separated  as  different  clas.ses — should  only  form  dif 
'  fcwBt  (tagBii  in  the  life-history  of  a  single  cycle  of  developnif ut  and 
iliw  be  anited  in  the  closest  genetic  connection.  The  theory  of 
"Altmiation  of  Generations"  containeil  only  a  description  of  the 
■itter,  and  ottered  no  e.vplanation.  The  discovery  of  the  mode  of 
origin  of  the  Medu.sa  as  a  bud  on  the  body  of  the  Polyp  first 
•Wlv  demonstrated  the  direct  relation  of  the  two  forms,  for  it 
fmti  that  the  Metluta  is  a  Jlattened,  disc-a/in/ied  Polyp  v-itJt  a 
but  wide-  gastric  cavity,  the  peripheral  part  of  inhicJi  has, 
rtf  /usion  of  its  upper  and  loiner  walla  along  foitr,  s-ix,  in- 
radiaiing  areaa,  become  divided  into  the  vascidnr  povchei 
(fMtne  pouchet),  or,  a«  tJie;/  are  called,  radial  ctinals,  which 
WWBpond  to  the  giifitrovatwulAr  pouche.s  of  the  Anlhozmi.  The 
oferaces  con.si&t,  in  connection  with  the  discoidal  form,  mainly  in 
'"  !'>Miion  of  the  gastric  tulie  as  an  exteni.d  appeudiige,  tlie  manu- 

iind  in  the  gi-eat  re<luction  in  height  of  the  radially  extended 

•pto  (met^Qteries),  which  are  traveiiwd  by  a  layer  of  endoderm  cells, 
tif  vascular  or  eudiMlenii  lamella.  This  layer  is  derived  from  the 
''wion  mentioned  above  of  the  abonil  with  the  oral  layer  of  the 
ttdoderm  of  the  peripheiul  part  of  the  gi».sti'»-\-ascular  cavity.  At 
tkf  Mtne  time  the  oral  disc  becomes  enlarged  and  concave  to  form 
tin  Cavity  of  the  l>ell,  the  ecto<lermal  lining  of  which  gives  rise  to 
lilt  uiuedee  of  the  subumbrella.  The  supjxirting  substjinee  of  the 
wiuA  (after  rt  is  freed  from  its  attachment)  alxinil  sui-face  of  the 
iw  iKOcimee  rery  much  thickened  and  gives  ri.*e  to  the  gelatinous 
•"Istiuice  (mes<xloniiic),  which  sometimes  contains  cells;  while  that 
w  the  oral  suj-face  keeps  the  chnract<"r  of  ti  thin  but  tiriii  lamella,  and 
WTe»  M  a  Hup|)ort  for  the  muscle^s  on  the  under  sui-fnce  of  the  disc. 
•1* teiitnclcb  accordingly  arise  ueiir  the  edge  of  the  di.sc,  and  Uvome 
Im  Buupnal  tentacles  of  the  Afediiga.  In  addition  to  these,  four 
wnple  or  bnmclied  oral  appendages  appesir  as  outgi-owths  fi-om  the 
BUaabriam. 
In  addition  to  the  sexual  reproduction,  asexual  multiplication  is 
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widely  distributed,  especially  amongst  the  polypoid  form»,  in  ' 
it  lends  to  the  fonmition  of  polyniorphous  animal  stocks.    The  1 
foitns  of  reproduction  altenmte  for  the  most  part  in  regular  onli 
ao  at)  to  produce  diflerent  genemtiom;.     There  are,  however,  Jledu 
{Aeijinopsis,  Pehujin)  which    pixxreed  without  alternation  of  gcnis 
tinns  and  develop  ilinx^tly  from  the  ovum  by  coutinuou.s  develupmia 
with  metamorphosiK  ;  but,  as  a  general  rule,  the  egg  of  the  Mtd* 
(phanero-codonic  gonopliore)  or  the  mediuioid  generative  bud  (lulel 
codouic  gonophoie)  pi'oduce.s  a  Polyp,  and  this  Polyp  either  at  i 
by  transverse  tission  (Sci/p/iomi'dusir),  or  later,  after  a  longer  perio 
of  growth,  in  which  a  sessile  or  free-swimming  polyp  stock  in  i» 
»luced,  gives  rise  to  a  genei-ation  of  fi-ee-swimming  Me«iusje,  or  ( 
iiiedusoid  buds  which   never  becimie  separate  from  the  poly}<  sU 
Tlie  Hydrotnedu.sa*  feed  entirely  on  animal  substances,  and  for  i 
most  part  are   inhabitants  of  the  wanner  seas.     The    free-mov 
MedtmiK  and  Siphonnphora  are  phasphorescent. 

Order  1. — Hydbomkdusx.' 

('olonialJorriiSit/it  individtud  PoltfjtB  ofuihuji  nre  irithmtt  it» 
turlm  or  mesenteric /olds.     The  iiejnud  generalwu  /ins  die  Jonn 
of  siiudl /rf.e-twimmijig  Medtutr  provided  with  a  vfhim  {Cr 
Meduaif)    or   of   niediuoid   generative   hiuU   (ntdimentari/   Mm 
whic/i  remain  nttac/ied  to  the  hydroid  colony. 

The  Polyps  and  [xilypoid  forms  are  the  aserual  individual!). 
form  small  motts-  or  tree-Uke  .stocks  which  are  fre<iuently  surroas 
by  cliitinous  or  horny  tul>e«  (cuticular  .skeleton).     Tliese  exuskelfl 
structures  muy  liecome  extended  into  cup-like  hydrothecie  Bumnmdii 
the  individual  Polyps.     The  stem  and  ramilied  branches  [ornoi 
contain  n  central  oinal  which  communicates  with  thega»tric  »pBOP^ 
each  individuiil    Polyp   and  polypoid   appendage   and   oonUuiM 
common   nourishing   Huid. 

The  Polyps  have  no  oesophageal  tube,  and  the  ciliated 
cjjvity  is  undivided   by  mesenteries.     As  a  rule,  the  ectoderm 
entoderm  remain  simple,  and  tire  only  separated  by  a  thin  int 
supporting  lamella  which  does  not  contain  cells.     The  pieaeiiac  i 
elongated  muscle  tibi-es  as  processes  of  the  ectodermal  epithdi«l  i 
is  very  genei-al  (l/ydra,  Potlocoryne).     Thei*  muscles  may, 

*  L.  AgMsix,  "Contributions  to  the  Natural  Hintonr  of  the  United  Slatoi  «( 
America,  Tol.  ii.— iv..  I8G0— I8r>2.  G.  .1.  Allmnn.'  "A  Monafri«{ili  «(  Ite 
(>7innoblastic  or  Tubularian  HrdrciidN."  vol  i.  and  ii.,  Lomton,  1871  alsl  ISTL 
N.  KU'inenU-rg,  "  Hydra,"  Ije'nizig,  1872.  O.  and  R,  Hvrtwi|(,  •'  Das 
fiysieni  und  die  .Sinuesnri^ni.-  dur  Meduaen,"  I^ripxi^,  1876. 
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(atpuHted  as  an  independent  layer  of  nucleiiteJ  tibi-e  ceLI.>  lielow 

I  epitbeliniD. 

Hu  Folype    are   not    invai-ijibly   alike,    proliferous    Polj-ps    (or 

BiwtMtjW)  being  frequently  found  iib  well  as  the  nutritive  ones. 

Tk  proliferous  Polyps  develop  genenvtive  buds  on  their  walls.     Tl>e 

jitmle  Polvix*  may  differ  from  one  another  in  the  number  of  tentacles 

ud  in  their  entire  form,  so  that  different  kinds  of  individuals  may 

ptoand  on  a  single  rtock.     Thus  we  iind  the  polymorphism  of  th» 

)A«f»   foi'frihadowed    amongst    the    Hi/droidm  {l'(xloeoryn*r 

aria). 

The  generative  pi-od»icts  are  only  exceptionally  developed  in  the 

I  Polj-p  body  ittielf ,  in 

jwtucli  case  they  are 

^|)ru(iuce<i  in  the  ecto- 

I  (//yrfm).     Tliis 

L-i  probably 

I  he  lci(>ke<]  upon  a.« 

extreme   cose   of 

tion     of     a 

doKiid  bud.    As  a 

the  generative 

IroductB    are    de- 
• 

in      special 
Did  buds  [gono- 
piojw]  fniined  from 
til  nell-layers. 
lotbi!  mo«t  simple 
I  the  budding  in- 
(idualsof  the  sexual 
don  contain  » 
ticolum    of   the 
trie  cavity  of  the 

»hji|ie«l  parent  or  of  the  axial  cavity  of  the  hydroid  stock.    The 

ive  prtxiucts  become  accumulated  ai-ound  this  diverticulum 

imctiitin    tcJihuUa,    Clava    aqiumuUn).       In    a    moi-e    advanced 

we  tind  a  luantle-like  envelope   enclosing  the  hud,  ami  con- 

the  rudiment  of  the  umbi-ellu,  with  a  continuous  vascular 

or   with   more   or   less  developed    r.idinl   vesaeJK  {Tubiduria 

■t,  Sudendri'uni  ramotiim,Vn.nheii.}     Finally,  at   the  highe^t 

the  bud.H  develop  into  small  'Siffduiw  (Caiiijxtmilni-in  gdnlinom 

lt»'n,.  Snrna  tutittlom),  wliich  become  free,  and  sooner  or  hiter. 


Fie.  Wl.—Pnhnrynr  eamtti  (after  C.  Grobbeu).  P,  Polyii ; 
Jf,  Meduu  bud  on  the  prolifenktiDg  i>ol}p;  S,  ipiml- 
sootii ;  Sk,  skeleton  Polyp  (compare  the  free  Meda»a, 
flK.   IM). 
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often  finly  aft<»r  si  long  period  of  fi-ee  life,  in  which  tli*T  IxttXK^ 
much  liirger  imil  iimlergo  a  metamoi-phosis,  retwh  sejciial  maurity. 

The  MedusK  belonging  to  the  order  Hydromedusap  are,  ynth 
few  exceptions,  diKtingiiishe<l  from  the  Aailepli(r  (Scrphomeda 
by  their  Kmiiller  sixe — although  certain  forms,  for  example  At 
may  attain  such  a  size  as  to  have  a  diameter  of  more  thau  a  foot- 
by  tlieir  simpler  organizHtion.  The  nximlier  of  their  nidi»l  vend«i 
smaller  (4,  6,  or  8),  their  sense  organs  (murgintil  bodies)  are 
covei-ed  by  folds  of  membrane  (hence  Gi/mtwp/ilAalmaUi  Forbefc), 
they  have  a  niiisfuhir  velum  (hence  Craspedoln  Gegenbtiur)  (fig.  \^^ 
The  genenitive  proilui-ts  are  always  formed  from  the  ecto<lenQ,  »n 
originate  on  the  wiUIk  of  the  radial  canals  or  of  the  manubrium,  I 

never,  as  in  the  Aaileplit,' 
in  diverticula  of  theg>«ait , 
ca\'ity. 

The    hyaline    gelatin 
substance   of   otir  Meda 
is,  as  a  rule,  structumlrt 
and    contains    no    oelln 
elements ;  there  may,  Ik 
ever,  Ije  fibres  running  ] 
pendiculnrly     tlirough 
{Liriope).    These  Hhrw  i 
j>rol>ably    derived     fro 
cell   processes  of   tlie 
derm  and   entoderm, 
have  arisen  contemponui^ 
ously   with  the    gelalinoa 
disc,  which  is  itself  to 
looked  upon  as  an  exc 
product  of    the   adjoinii 
ectoderm  antl  entodi-t  m  epithelium. 

The  nerve-ring  L'i  pliiced  at  the  edge  of  the  disc  at  tlje  jioint 
insertion  of  the  velum.  It  is  covereil  by  a  sense  epithelium  con 
poeed  of  small  cells  bearing  sense  huii-s,  and  has  tin?  form  of  n  doul 
fibrous  cord  coutainiug  gjinglion  cells.  The  larger  upper  nerve-r 
inms  above  the  velum,  while  the  weaker  nerve-ring,  on  the 
liaml.  is  placeil  itelow  it.  The  lower  nerve-ring  is  cumpOHCxi  of  1 
fibres  and  larger  ganglion  cells  ;  bun<lles  of  fibrilla*  pass  oft'  from  1 
to  supply  the  muscles  of  the  velum  and  subumbrella,  wh«« 
form  a  sub-epithelial  plexu8  interspersed  with  ganglion  cells,  betwt 


Flo.  181. — Pfiiatadiiim  cariahilt  reprPtMSUtcyl  from  the 
nDtteralde  of  the  itmbrclla.  r,  Velum  ;  O,  luonib  ; 
Ot,  ovary  i  Ob,  uiidiUir;  vesicle ;  A"/,  loiibiclcs  rm 
tbo  marKlii  of  the  disc j  £v,  mu-ictuil  sneUiiiKt. 
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tlwniurakr  ppit helium  an<1  the  fibrouK  layer.  The  ganglion  cells  in 
the  opper  ner\-e-ring  nre  sraallei-,  and  the  fibiillw  given  off  from  it 
|na  to  the  tentncles.  Tlie  tibrilltt"  of  the  sense  nerv'es  may  be  derive<l 
fno  both  riogh.  The  manjinal  Ixt'lieg  have  long  been  recognised  as 
■Jw  organs,  and  are  either  eye  spots  (ocelli)  or  auditory  vesicles  ; 
I  the  /Ii/droin«dtt*c  may  be  diinded  into  two  groups,  the  Ocellata 
nesiculat*. 

In  the  VrticulaUi  the  auditory  vesicles  are  situated  at  the  edge  of 
tlwoniler  side  of  the  umbrella,  and  contain  one  or  more  concretions 
(ofaKM)  which  are  fonue<l  in  the  interior  of  cells.  Peculiar  sense  cells 
numund  each  vesicle-like  cell  containing  a  concretion.  The  curved 
k»ir»  of  these  sense  cells  (auditory  hairs)  are  in  contact  with  the  con- 
owion  vesicle.      A  nerve  tihrilla  enters  the  basis  of  the  auditory 

The  audi- 
tor}'  organs 
of   the  Tm- 
rJi;fmedus<K 
are  placed 
above      the 
velum,    and 
are   in   con- 
nection with 
the     upper 
nerve  ring ; 
they     have 
the  form  of 
projecting    tentacles    fnrnishe<l 
otoliths  and  audittiry  hairs.     The 
cle  may  either  pixiject   freely  on 
surface   {TrtuAyn^nia),    or,   as    in 
■to,  it  may  be  placed  in  a  vesicle 
184)  which  lies  in  the  gelatinous  substance  of  the  disc  and  close 
I  the  edge  of  the  Litter. 

Hepariite  sexes  are  almost  invariably  the  rule,  but  it  is  rare  to 
III  th»t  the  colonies  are  dia-cious,  i.e.,  that  male  and  female 
luaoids  are  develope<l  in  ditlerent  colonies  (Tiihulariii).  Gemma- 
hMM  oocnsionally  Ijcen  obsei-\-ed  among  the  Mf.dnmii  {Snrsia 
proli/ent)  and  division  (Stonwlirachium  mimbik).  Tlie  larvw  of 
Ctutina.  which  ai-e  parasitic  on  the  Geri/imido',  may  also  there  give 
to  B  cluster  of  buds. 


^»-  IB— BtuM  onrnn  nn  Uic 
<*»T(n«t»ail  cirnilv  vnintl 
f  rf  Oeltrrkit  (.rier  o.  imd  R. 
Itatwi*).  Sh.  SvoH-  (irvao : 
O,  C,  t«u  otoliilm;  in,  audi- 
my  rtlU  ;   ;■  .  ,eU»  . 

Ar,  ufiprr  T>-  ■'/,  cir- 

.••■•rteMeL    ...    . ;,.,  hi„1i- 
■  anpui  tit  tbp  r**'n»/«/a.) 


Kio.  1st.— AU'litorj  vesicle  of  Orry- 
OHkit  fCarmiiriMa),  necn  from  the 
narfa(.'e  latter  O.  anil  R.  Uenwig). 
iV  and  A'',  Tlie  auditory  nerves  ; 
Ot,  otolith  ;  l{x,  auditory  oella ; 
/M,  aadiiory  cilia  (type  of  the 
auditory  on^an  of  the  Trackg. 
). 
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The  development  of  the  ovum,  which  is,  as  a  rule,  naked  (i.c.witk' 
out  a  vitelline  membrane),  has  hithei-to  only  been  completely  follo»»i 
out  in  II  few  cases.     In  everj*  ctxse  the  segmentntion  seems  to  be  co^ 
plete,  and  leads  to  the  formjition  of  a  segmentation  cavity  anJ » I 
single-liiyei-ed     blastoderm     [a    single-layei-ed    bbustasphere].     Ili»| 
latter  gives  rise  to  a  second  endodermal  layer  of  cell«,  which  1 
the  segmentation  ca^-ity.     The   segmentation  cavity  thus  b<>wii»"^ 
convei-ted  into  the  gastric  ca\'ity  of  the  future  polyp.     The  sph«ia)_ 
or  ovid  iarv-.i  now  either  attaches  itself  and  gives  rise  by  buddi 
to  n  small  hydi-oid  stock,  or  swims  freely  and  develops  directly  itf 
a  small  MeduMi  ( Trtic/ii/iin^dusie). 

The  Medium,  after  becoming  free,  usually  undergoes  a  more  nr  I 
fundamental  change  of  form,  which  coneern^  not  only  the  iillonti 
caused  by  the  enlargement  of  the  umbivlliiand  uiaiiubrium.  liiiK 
the  increat-e,  according  to  definite  law.s,  of  the  marginal  tciii"'.'- 
sense  organs  (7Vm«),  and  the  nidial  canals  (Aeguoren).  We  luu* 
remark,  however,  that  the  sexually  complete  Meilusie  exhibit  '(«J 
considemble  variations  in  size,  number  of  seu.se  organs  and  tenti 
(J-'/ii/alidium  ntriahih,  Vlythia  volnhUis). 

The  dilKculty  of  systematic  arrangement  is  augmented  by  the  I 
that  closely  alliefl  Polyj)  sttK-k.^  can  pnxluco  diti'erent  sexual  for 
Thus,  for  example,  Moiwcmilus  gives  rise  to  se.'tsile  generative 
and  Cori/iiu>rpha  to  free  ileduno!  (^Steftnslrupia).  Medusteof  ideolin 
structure  also,  which  one  would  place  in  the  same  genus',  may  fa 
the  sexual  generations  of  hydroid  stocks  lielonging  to  diffa 
families  (iaogonitin).  There  are  also  cases  iu  which  we  find  M» 
of  ( loscly  allied  genera,  some  developed  from  hydi-oid  stocks  byj 
alternation  of  gcnenitions,  and  othei-s  developed  directly.  He 
it  appeals  just  a&  little  satisfactory  to  found  a  classification  entiv 
upon  the  sexual  geuenitions  as  to  pay  attention  to  the  nsex 
generation  alone. 

(1)  Sulhorder:   EleiU/ifrohlnstete.     Simple  hydroid  Folyps  with 
medusoid  buds  ;  Ixjth  generative  product*  are  develoj>ed  in  the 
wall  of  the  Polyp. 

Kain.  Hydroids.     Ilijdni,  ilie  fresh-water  Tolyp.  B.  ciritlit  L.,  ^./mm] 
remarkable  tor  great  lowers  of  reproduction. 

(2)  Sub-order:  /fi/<iriicor<itli<r\     ('oral-like  hydroid  .stocks  with 
careouM  i»eiiench_\nua  and  lubidar  hydrotheca-  oiiening  to  the  exit 
by  pores.     Some  of  these  contain  the  larger  nutritive  animals,  wii 
others  contain  animals  without  a  mouth  and  beset  witli  tent 
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ITwIittware  arranged  usually  in  the  foi-m  of  ii  circle  roumi  each 
of  tlie  DUtritive  aniniHls.    The  polyparia  are  found  in  the  fossil  state. 

Tim.  XiUeporidc     MiUrjumi  I,,     it.  itlfimrnit  L. 
Fin.  tqrlMtnidK. 

(J)  Sab-oi-ilHi- ;    TuhnUirhr    (Ocellatu).     Polyp   stocks   which    are 
'  naked  w  clothed  by  a  chitirious  periderm  without  cup-shaped 
<h«»   sutToundinie   the    polj'p   hend.      The   genemtive    buds 
t  un  the  IkkIv  of  the  Polyp  or  on  the  stock.     The  Medusrt  which 
'  Kt  free  belong  to  the  geneni  Oeeaitin,  Sarsia,  et-c.,  and  hiive 


I  tun  CUrida.     Polyp  stockB  with  n  chitinous  periderm.    I'olyp  club-shaped, 

1  xiticred,  simple,  filiftirm  tentacles.     The  generative  hurls  arise  on    the 

iljji  body  and  for  the  mont  irnrt  remain  scnsile.     Giriftjlujiln^nt  Allm.    The 

k  j(  btwicheil :  there  are  stolons  which  crow  over  external  objects.     Oval 

covered   by  the   perisarc.     The  animals  are   ilioecious.     In  fresh 

^C  lamtfrit  Allm.   Albwola    Kirchp.,  Kibe,  Schle-swiff.     The  following 

I  mriiie  ifcncra — Clara  O.    Fr.  Mitller.     Allic<l  are  the   Eiiilinil riilip   with 

jtrium  rtituii.KHW.  Xj. 
Fun.  Hydraetinids.  Polyp  stocks  with  flat  extended  cocnenchyma  and 
oiiTiisted  skeletal  cicretionn.  The  Polyps  are  club-shnped,  with  a  circle 
{Aspic  l*.'nt«clc-«.  In  addition  to  the  latter  tlien.-  ,ire  large  tentaclo-slinped 
fpcild*  (.'^piralzooids^.  //</</»'«Wi«»u  van.  Ben.  The  medusoid  huds  sessile 
pniliferoos  animals,  which  arc  without  tentacles.  //.  Erhinatu  Klem. 
SteTK  (fig.  181).  The  generative  bnds  art  freed  as  Oi-nuiiilir. 
Ham. 
TstaUrida.  Polyp  sticks  clothed  with  a  chitinous  |x!riderni.  The 
polyp*  pu«se«  a  ciivlc  of  tiliform  tentacles  on  the  proboscis  inside  the 
Otmui)  cirric  of  tciil8<-le«.  The  generative  buds  arise  between  the  two  circles 
it  IWllaclca.  Tuimlaria  L.  The  hydroid  stocks  form  creeping  ront-like  branches 
it  lite  bottom,  from  which  arise  simple  or  branclieil  twigs  with  the  termiiuil 
liCwU  ;  the  g'-nomtive  huils  are  sessile.  T.  (^Thamnncitiilui  Ag.)  rnrnnatu 
.  dicBUiiun.  ('iirtjmiitjilia  Sars.  The  stalk  of  the  solitary  polyp  is  clothed 
■  crlstinous  perideiTn,  attaches  itself  by  nKit-like  processes,  and  con- 
iBilial  rooals  which  lea<I  into  the  wide  iligcstive  caWty  of  the  I'olyp- 
Tlie  free*!  MiiIum  is  bell-shaped,  with  one  mar^nal  tentacle,  and 
•wellings  at  the  end  of  the  other  radial  canals.  C.  iiutanii  iters.,  C. 
Alder. 

I  8nb-oT<ler:  Campantdnria  {YeiAc\x\a.tn).    The  chitinous  skeletal 

jridcn  out  round  the  Polyp-heiid  to  form  eup-like  hydrothecie. 

9   Koilvp-heHd,  th<i  ond  cone  (prolw.sciK),  and   t«'ntnclcs  c;in  \w  in 

aksee  completely  retruct-ed   into   thc.-se  liydrothecif. 

generative  buds  arisie  almost  reguhirly  on  the  walls  of  the 

individuals,  which    have   neither   mouth    nor  teIlt,•u•le.^, 

I  ate  !<ometimes  f«ssile,  and  Kinietimes  Itecuiue  Bepu'Hte<l  otf 

16 
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AS  fsamU   venicalate  Medmaee,  with  geneiutive  organs  on  the  iwiial 
canals  (Eucopidat,  Gert/onopgidee,  Aequoridtn). 

Fam.  Plnmal&rida.  The  hydrotheoe  uf  the  bnuirhetl  hvilioid-stocb  ci 
arranpeil  in  siajrle  rows  ;  those  of  Ihe  nutritive  t'ulyp  have  small  »eMB«Bj 
calyces  filled  with  iicmatocyiit^  (nematocnlyccs).  Plumularia  rrittat*  ' 
AnfcnnvhirUi  iiutt  ttnina  l^ni. 

Kum.  Serttilaride.  Branched  Polyp  .itockii.  the  PolyiM  of  which  pru}en| 
flniik-slm[jed  hydrolhecie  on  opposite  sides  of  tlic  stem,  /Jijiiiimr'ut  jiumiljil 
StTtnlaritt  tiinitiHti,  iH/iriMihui  L. 

Kam.  Camp&nnlaridee  _  Eaoopida.    The  cup-shaped  hydrtJthecw  ore  pUoBi| 
the  end  of  rinireti  stalkx.     The  I'olyjis  possess  a  circle  of  tentacle*  below  I 
conical    proboscis.      CumjMHHlariii    Lam.      The    proliferou-s    iudinduali 
situntod   on  the    limnches  and  irive  rise  to  free  Mrdmtr,  l«ll-»hnped.  vitkl 
short   manulirium    with   four   lips,  four   radial   canals,   the    same   number  f 
marginal  tentacles,  and  ci^^Ut  inter-radial  marginal  vesicles.     After  septn^O' ' 
the  inter- radial  tentacle.s  are  formed.    C.  (_('li/thia)Jiihiijttiini~rtilvbiti4ial)Mm^ 
probably  with   Kiicojir  ciiriabilin  CUs.   Ohiiui  Per.  Les.,  is  distiiigai^ 
CnmjiiiHularia    by    its     ilidumr.      These    are    flat,   disc-shaped    Sfein 
numerous  niaryiinal  tentacles,  but  with  eight  intcr-nuUal  vesicles.    O.  rftcW 
l..  =  (_<iimjniH«liiriii  i/rl/ilimim  van   Ben.),  I',  geitirvlntn  I..,  £/iomr^'tt  ] 
The  generative  buds  remain  sessile  in  the  hydrotheca  of  the  pniliferous  | 
I,.  riUiruliilii  Hincks. 

Fiun.  AeqnoridB.  MrilnKw  with  numerous  radial  vessels  and  marginal  teon 
Aiquoiitt    Kor^k.     The    (rrri/iiHnjuida-  are  allied  here.     Oeturrhin  K, 
Tima. 

(5)  Sub-order :  TVdc/ii/iiiedusie,  Medutw  with  firm,  gelHtin 
tunbrella,  stjpportfd  by  cuii^ilaginoiis  ridges  with  stiff  tentacles 
with  8olid  row.s  of  cells ;  ther«  may  be  t»ulined  to  the  young  Mf* 
(larvte  of  Geri/onidai).  Development  by  metomotphosis  withiMt 
hydroid  iwujxiial  individual. 

Fam.  TrachTnemida,  with  stiff  marginal  tentacles,  which  are  scarc«l}'  ca 
of   motion.     The   fjcnital  organs   arc    developed    ou    vcsicle-lilce  swellincl] 
the  eight  radial  canals.     Trofhyneuui  oiliatum  (igbr.     liJuiptiloHevM 
Ggbr,,  Messina. 

Fam.  Aeginida.    The  hard  cartilaginous  umbrella  has  a  flat,  discoul ! 
The  extended  digestive   cavity  has  pouch-like  enlargement*   in  place  fi  I 
radial    vessels.      The  circular   vessel   is   usually   reduced   to   a   row  of 
Cmtiiui  iillH'crHJi  Ggbr.,  Naples.     ArgiHrta  JlavexceHJi  (rgbr. 

F'am.  Oeryonida.     Umbrella  with  cartilaginous  mantle  ridges  m   i  ' 
hollow  tube-shaped  marginal  tentacles.     The  manubrium  is  loti_ 
or  conical,  with  ii  ])roboRci.s-like  oral  portion,  and  four  or  six  oanolN  « i. 
into  the  radial  canal.     The  generative  organs  lie  on  the  radial  canals  . 
twelve  mai'glnal  vesicles.     Lirurjic  Less.,  with  four  radial  canals,  four  ur  i 
tentiule"  ood  eight  vesicles,     /..  trlru/ihi/ll-a  Cham.,  Inilian  Ocean. 
P<Sr.  Les..  with  six  radial  canals  without  lingual  cone.     O.  umtullii  E,  ila 
Carmarhia  E.   Ilaeck.,  with  six  radial  canaU  and  a  lingual  conu,  G. 
C  ktu^ata,  Nice. 
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Ordei-   a. SiPHONOPHOBA.* 

free-ncimmi'iuj  polifmorph(nu  fn/droid-ttockt  wit/i  cutUraclile  atem, 
UtUh  polypoid 
tttUritinf  indi- 
riiiuals  and 
merlfunui-  bvds, 
uawilly  also 
vjilh   ufctocnlij- 

fchl/roJ>hl|Uia 
duetylo- 
fSOoi'l*. 

t3Iorpholo(2^- 
ly  the  Sijifio- 
thora  are 
tly  allied 
to  the  hy- 
dmid-stocks ; 
bat  they  possess 
to     H     much 

feter  extent 
I  the  latter 
the  chanicters 
of  individualb, 
faj  cons«nience 
nf  the  higlily 
^eloped  poly- 
sirini  of 
ir  p<)l3TK»id 
tnedutHjid 
tendages. 
functions 
liitter 
so  inti- 
itely  con- 
and  lire 
atiaJ  for 
%e    prenerva- 

of  the  entire  colony  that  we  m»y  i-epai-d  each  colony  of  Sipho- 

Jcn  Kolliker,  (.'.  Vr.gi.  Huxloy  and  mhcrs,  comiwiro   C.  GeiJcnliAnr, 
cbturiKen  nlier  Siplionophorcti,"  Zriturhrift  fiir  iritt.  JS<ml..  1853.     C. 


Pic.  ia(.— Diainvn  of  n  colony-  of  Phywiii^Tuhi.  St,  Stem;  M, 
ectoelurm;  Eh,  OTiUxlorm ;  Pn,  Pnoumalophor;  Si,  ijcctt>ciil>'X 
beinff  bii<lde(l  off;  3,  nottocalyx ;  V,  hydnipliyllimn ;  <V,  k""o- 
jiliore ;  T,  ilaciyloiouiil ;  ^,  umuiclc ;  P,  polyji  j  O,  inoath  of  llio 
latter  ;  »,  tiattcrry  of  nematocysts. 
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nophont    physiologioilly   an   an    organiiuu   and    its  appendnp- 
organs.     In  this  wmnection  we  may  monlion  that  the  scmnl  uu- 
»(>id  geneiiitiun   is  so  little  inilepemleiit  that  it  only  exception" 
(VeleUicUr)    reaches  the  morpholojiiical  grade  of  the  free-*wiii» 
Medusa. 

In  pljicA  of  the  attached  and  ramified  hydroid -stocks  we  W" 
the    Siphoiiophiirn  n   froe-sM-immiiii;  " 
tractile     luibrnnched    stem    (hydiv-i 
which  is  mrply  provided  with  siiuplr  !• 
branches.     The  npjxr  end  of  the  li> 
soma  Ls  fn?<jut'ntly  dilated  to  the  f"' 
a  flask  (pnenmatophore),  and  cODbiiii- 
air    phaml>er    [pneuniatocj-st]    (fij;.  1' 
In  evej-y  case  there  is  a  central  sj*'^ 
the  axis  of  the  stem  in  which  the  nuii'  ' 
fluids  are  kept  in  constant  motion  \i)  ii* 
contractility  of  the  walls  and  by  the  m""- 
ments  of  the  cilia.     The  air  v»c  or  JM* 
matocyst  at  the  apex  of  the  hydrosonui » 
connecte<l  to  the  chainl>er  which  contain' '* 
by  rudiiil  sejitjL,  and  in  many  i-ases  uttuw 
a  considen»blp  size  (I'/ii/^tilia).     It  hvt 
tions  as  a  hydivst^itic  apparatus,  uml  i" 
those    forms,   which    have    a    long    ?"]«"! 
hydrosoma  (I'hi/^ojtliorida),  serves  t<i  kftp 
the  body  in  an  upright  position.     In  $omt 
cases  the  gaseous  contents  can  escnpe  fwly 
by  one  oi-  uim-e  openings. 

ITie  appendages  wliich  are  attachol  to 
the  spirnlly  twisted  bilatendly -^ 
stem  iind  whose  cavities  Column: 
that  uf  the  stem  are  of  at  least  two  Va^ 
— ( 1 )  Tlie  jKjlj'poid  nutritive  anumiLi 
their  tentacles ;  (2)  the  medusoid  sexual  buds.     Tlie  nutritive  Pol 
(hydrantlis)  are   simple  tubes   provided  with   a    mouth,  and  Di* 

(iegenljAiir.    "  Nnio  Hcitriige  zur  Kcnntniss  der  Siphoiiophorcn,"  Nofa  ko 
Tiiiii.  XXVII..  ISi'iS.    R,  I.eiii-kart.  ••  Zoologischc  Unten>iicluiiigeu."  L,  (he* 
isfi.'l.     U.  T.nicknrt,  ••  Ziir  niilivren  Kt'iiiiliiiKg  Ji-r  Si|)h"iio|.lioren  tuii  SVb 
Arrliir.  fiir  Xiiturflrtrli,    IKfil.     C.   Clmis.   "Ufl>cr   Halixicmma  icijjwU 
n.  h.  iicliRt  Itcmcrkiingfi)  ilber  lU-ii  fein'.'ivn  Bnu  ilcr  I'livsuplioridcii."   .<ri 
av  ilim   Zxilmihrln  n  Intfilut.ilir    {'iiif.    Il'irvi.  ttr..  Tnni.   I..   IWTS.     E. 
sc'linikoff.  ••  Siudicn  Ubcr  die  Kiitwickduiig  dv.v  Moilusrn  mid  SiiiIi.>iii.i,1i,t»* 
;S-«/«.A./tfr  «•(■«.  21»it.  Tom.  XXIV.,  J874. 


Tic.  ue.— a  portian  of  Ihe  mem 
aiid  iipiMndiitfCft  of  HitiirUmma 

lergntinHm.    SI,  fitCTU  ;  D,  hjr- 

drophyllium ;  T,  claccjlotonid; 
A/,  teiitoole  of  tlip  liilu^r  ;  Wf, 
fcmiilc,  Mff,  male,  i^onifphorm. 
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1  a  circle  of  tenUicles.  They  always,  liowever,  have  n  long 
teniicle «rising  from  their  base.  This  tentacle  can  lie  extended  to  a 
I  (iwgdi-nible  length,  and  1^  retrocted 
I  iuo  a  spiral  coil.  It  rarely  has  a 
lunple  fomi,  bat,  a»  a  rule,  it  l>ejirs 
I*  onuiber  of  unbranehed  lateral 
I  twip,  which  are  aluo  veiy  contrac- 
f  tik  Tliese  tentacles  are  invariably 
kwilh  M  great  mimlierof  nema- 
K'tdch  in  many  places  are 
»ly  pHcke*!  and  have  a  regular 
Dent.  These  aggregations 
d-ceJls  are  especially  foand 
the   Uteral    branches    of    the 

and   give   rise  to   large,  brightly-coloured  swellings,    the 
ie»  of  nematocTstK.     The  btitteries  show  considerable  variationa 


Fto.  187.— Group  of  bud*  of  •  Pkftofhor 
nt  the  bottom  of  the  pneunmtophore. 
<\  Ceiitrft)  cavity  ;  Sk,  aectocnlyx 
bad  with  the  ectodermal  ingrowth. 


^^ 


I 


(?ii/nio/t(a  Siir»ii  (after  Mct«cbiiikoff).  u,  Clliuted  Iftrra.    b,  Bt«|fe 

lllniic  (D).     n,  Stnito  with  eiip-Hhupml  hyilroplivllinm  (D)  uid 

..re  (X/).    rf.  Suge  with  three  hydroiihyllta,  {D,  D-,  D"),  poln> 


"I  fonii  III  tW  various  «pecien,  genenv,  and  families,  and  .such  varia- 
lujiu  iiffdri]  \iiltinble  cJiaracters  for  systematic  classification. 
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The  second  fonu  of  apjM'udage,  the  gonoplwret,  usually  po«8«s»  i 
bell-shHpe<l  iniintle  coutikiuing  cii-cular  and  nidial  vessek,  luiu 
uig  the  centnil  stalk  or  cliipper  (munubrium),  which  is  i 
ova  or  speiiniitosoa.  They  ubually  arise  in  clustei-s  ut  t)ie  bttfie  uf  Uw 
tentacles,  more  raifly  from  the  nutritive  Polyps  themselves  (*.j.  in 
VddJa),  The  mule  and  feouile  generative  products  olwayi'  *n» 
separately  in  ditferently  sltaped  buds,  but  tire  usually  found  cloaelj 

approximated  on  the  nuii' 
stock  (fig.  186),  Tliew  it*. 
however,  also  dioe(dou.s  .Vi;^ 
wp/iorn,  or  if  the  meduiuiJ 
bu<ls  or  gonophores  be  r^irinl 
as  generative  organs,  Siphemr 
p/iora  of  distinct  eexes  '.y, 
Apolemia  uvaria  and  Dipkft 
acumitmUt.  Tlie  ripe  soottl 
Medutoid*  fretjuontly  becodW 
se{iarated  from  the  stock,  lA 
after  the  development  of  tlw 
geuei-ative  pi-oduct^,  and  onlj 
rai'ely  become  liberated  w 
small  Meiiutiif  {Cftfi/somitmaLj 
the  VeltUidtt),  which  pnxiucej 
genemtive  products  du 
their  free  life. 

Besides  the  constant  DOlH 
tive  Polyps  and  medti»ii| 
gonophores,  there  are 
Slant  ap}>endage8,  which 
ako  modified  Polypoid* 
Medusoids.  These  are 
motithless  wonn-like  citwty 
zoids  (tig.  ISC)),  whicli.  libl 
the  Polyps,  ai-e  pixjs-idcd  wiihJ 
a  tentacle,  which  is,  howmrij 
shoi-ter  and  simpler,  and  has  no  lateral  bnuu^hes  or  aggi'^^io 
of  nematocysts;  also  the  leaf -shaped  hard  cartilaginous  hi/droph^ii' 
which  serve  to  protect  the  polyps,  dactylozoids,  and  gonophores;  aoill 
finally  the  appendages  known  its  iiectoccdyce^,  which  are  phicvd  beuettk] 
the  pneumatophore.  The  uectocalycos  have  a  structui-e  similar  Wj 
that  of  the  Medusa:,  though  their  bilateral  symmetry  is  apporeoir 


rio.  leS.— Small  larval  Mock  of  A^almofU  after 
tbo  type  of  Alkinyhto,  X/,  Pnenmatophnre ; 
i>,  hydrophylUiun ;  Nk.  Kroupn  of  neuiaLo- 
cytK  i  P,  iKjlyp. 


UTDBOZOA — aiFnONOFUORA.  247 

are,  however,  without  manubrium,  mo\ith,  tentoclee,  and  sense 

tie    deeply  concave  sub-umbrella  surfftce  of    the  nectocalyx  is 

i-gely  Jevelopwl  iind  has  a  very  powerful  muscular  covering  in  rela- 

tiou    to    its    exclusively 

locomotive     function. 

All   the  iippt'ndngtw  are 

devel<jpei|  tm  buds  fonneil 

of    ectoderm,   eutoilerm, 

and  conttiniug  u  central 

cavity   whirL   cominiini- 

cat«ts   with    tlie    central 

^Mtoe  of    the  etteui.     In 

the      nectoculyceM     and 

gonoJJho^e^      un       ecto- 

dernuil    ingixjwth    gives 

rise  to  the  covering  of 

the  !.ub-iimbrellii  and  ta 

the  generative  pixxiuct- 

w*p«%ively  (tig.  187). 

ova.    of     which 

is  often  only  one 

female    gouo- 

pbra,    lU-e    liirt;e,    and 

»ve  no   vitelline  mem- 

and,    after    im- 

egnation,    undergo    a 

uplete     and     regular 

lentation. 

.  uectoculyx  ( Diplnjn) 
the  first  structure 
tit«d  in  the  free-swim- 
lui-vii,  or  the  upper 
pMTt  of  the  l)ody  of  the 
larvK  gives  rise  to  a  cap- 
tbttped  prote<-tiv(>  rover 
or  hyili-ophylUum  as 
well  as  H  pneiuuato- 
phnre,  and  the  under  part 
becotnee  the  primary'  nutritive  polyp  {AijnJmopsit,  fig.  188).  Since 
ba<ls  give  rixe  to  leaf-shaped  hydrophyllin,  a  saiall  stock  with 


Fib.  I«(i.— Ptjfwjttvni  hj/dnttlol<cii.  Pa,  Fncamatophon ; 
.V,  Dc<cb>onl>*cea  ntrsQKvd  in  double  rows  on  the  (swim- 
minK  column ;  T,  daotylneold  ;  P,  polyp  (nutritive 
indivtdu&l)  with  teutiiulcg,  Sf;  yt,  jfroups  of  ncniAto- 
cyatA  tm  the  Iftttcr  :  0,  clUAtcra  of  Kimcmtive  bud«. 


_to 


provisionaJ  «jipenil«(i 
is  formed  wliich  iIImi 
ustoregnrd  thedfwlop. 
ment  of  the  .V<>W 
phom  (IS  a  luetanorplxHi 
(%  188  and  1«»), 

The  crown  of  bvdw- 
phylLa,    wliioJi   if  niai- 
pieUnl  liytheiuiJiuoiiof 
fresL  hydropliyllia  »fw 
the     appeaninci'    cf   » 
teutnclf  with  pnni«>iiil 
groups  of   nemntocnti, 
persists  only  in  Mhary 
o*t»,   where  a  suinimiitf 
loluiui,  with  nectu«lj« 
is  never  formetj. 

■la     Agaltiiojuin    mkI 
fhifmjJiora  the  prinun 
h.vdrophylliaof  ti.^l^ 
fall  ofl-  lis  the  stfin  !«. 
comes    larger,   ,md   m 
If  placed  by  nectocal>m 
(1)  Sub-order:  Ph^ 
phori^ttr.       Stem    sliort. 
extended    in    the    fam 
of  ft   sac   (fip.    |9fl),  0, 
elongated    spindly  (fif. 
li^l).  with  n  pDeamato- 
plioi-e,  usually  nectoraly. 
ees,  which  aro  anni.pii 
mtwoormoreroMTXin* 
swimming  oolnnm  Mo« 
the     piieumatophow. 
Hydrophyllia  an.l  A^tj. 
lozooi.is    are     usu.lly 
present,    and    a],^r«i„ 

*Jth     the      |«.Jyj^     ^d 

gonophores    in     r*-g«l»r 
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a  poljlJ  with  pneumatophore  and  tentacle  benaith  an  iipical 
^tlrophylHum.     The  female  gonophoi-e  has  only  one  egg. 

Fain.  AthorybiadiB.    With  a  bunch  of   hj-drophyllia  in  place  of  the  (iw-im- 
rc(]laran  ;  resembling  a  pcragtent  larvnl  stage.     Athnriihia  raiinrra  Ench., 
kediteirauean. 
Fam.  PliTtophoride.    <i.   str.      St«.-m   short,  and    enlai^gfcd    to  a    spiral    !)ac 
fnentli  the  swimming  cohiniu  with  it*  double  row  of 
alycon.     No  hydrophyllin  bnt  inMenil  two  outer 
Qchei  of  dactylozooidK  with  gonohln^tidia.  nutritive 
olr|«Knd  lentiwlcs  lying  beneath  them.     Plnimijihnm 
lyorek.,  pii,   hi/i/rmitafifa    Korsk.,  Mediterranean    (fig. 
190), 

f''am.  Agalmida.      Ktcra    unusually   cloiigate<1    and 

L^pinilly  twi«tc<i.     Swimminf;  column  with  two  or  more 

|T0w8uf  iiectocalyeeft.    There  are  Ixith  hydrophyllia  and 

I  tcnivloi.     fbrtkaliii  runtitrtu    JI.   Edw..  Hiilitlrinmii. 

""^ylotooids  and  hydrophyllia  directly  connccte<l  with 

^  flcBi.     In  the  eiliiited  larva  a  pneumatophore  is 

■'t  i|evclo|>ed  at  the  up|>er  |iole.     H.  mhnim  Vogf, 

^wlitirrancan.     H.  IrrijiHtiniim  CIh.  (tig.  191).     Aijiil- 

*•'!"</  Sarnii   Kiill.,  Ajinlrmin    Mniriii   jA!fti..  .Mediter- 

Kuan.    Dioecious. 

(2)  Swb-onler  :  Phi/sal ido-. —  Stem  dilated  to 
/orm  a  large  chamber,  the  pneumatophore  lying 
I  <liD06t  horizontally,  containing  a  very  large 
Ipnemnntncyst  opening  to  the  exterior.  Necto- 
fedyeep  and  hydrophyllia  absent.  On  the  ventiwl 
line  of  the  sac  are  situated  large  and  small 
uutritive  polyps  with  istiMiig  and  long  tentacles. 
There  are  al.so  clusters  of  gonojihores  attached 
to  the  tentacle-like  polyps.  The  female  buds 
tiCem  to  become  free-swimmiiig  Medn-ttr, 

Fam.  Fhytalidc  With  the  olmrncteristics  of  the 
nap  Phijiuiliii  Lam.,  P.  riirarilhi  Esch.  {An'tliva 
W),  jirluijifa,  Htrii'ultm  Kuch.,  Atlantic  Ocean. 

(3)  Sub-onler:  Vali/cophoricUe.  Stem  long  and 
without    pneumatophore.     Swimming    column 
ith  double  row  of  nectix-jdvi-es  (Hi[ij)<i|HHli(lii') 
with  two   Lirge  opp(.>.sfd  lU'ctiK'nlyci'.--,   uuuf 
dy  with  only  one  nectocalyx.     There  are  no 
<-tylozooids.     The  appendages  arise  in  groups  aminged  regularly, 
id  can  be  retracted  into  a  cavity  of  the  uectocalyx  (Hg.  I!i2).      Each 
jup  of  individuals  coiuii»t8  of  a  small  nutritive  polyp,  a  tentacle 
ith  naked  kidney-shaped   groups  of  ni'iuatocysts,  iiud  gouophores. 


KlO.  Wi.  —  Diphifet    acM- 

MiNofff,  iniiffiiiflcri 

iiboui  H  timua.  Sb, 
FIniil  rMorvoir  in  tlie 
upper  nnstoealyx 
(Miinatucyst). 


250 
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To  these  is  usually  added  ii  funnel  or  iimbrella-shapetl  hvciiviihTl- 
Hum  (tig.  1 92).  These  groups  of  individuals  vamy  iii  some  I>iiiLji>l» 
liecome  free,  aud  iissume  u  separate  euxisteuce  as  Eudoxia  (fig.  W^ 
The  goiiophores  eonttiiii  iiumeixnis  ovm  in  the  iunuulii'i<ini,  «IiH' 
often  projects  ti^i  a  eone  from  the  aperture  of  the  bell.  In  iht  In; 
the  upper  nectocalyx  i»  tlje  first  formetl. 

Fam.  HippopodidDB.     The  swnmmiiig  I'olumn  lias  two  rows  of  neciodil; 
md  U  sitimtc  iiii  mi  upper  Inlcral  bnmeli  of  the  Mem.    The  mail'  iiml  li"-' 
gonophureit  arc  px)U|>eJ  iu  clusters  mul  :ire  situate  at  the  base  of  the  natiitn»| 
polyp,     (flrlm  llijipnjnt  Koptk.,  MeditiTi-aiiL-nn. 

Fain.  Diphyids.  Witli  two  verj- lar^fi-  nectocnlyces  at  tho  upper  ctul  of  iki  1 
•tciii  ami  opiBisitf  to  each  other.  lUfihijin  arumimtta  Lkt.,  dicBcioas ;  will 
/•V(/fij-(U  riimjmiiMlatii.  Abi/lii  jitntnijitHa  Tut\i.,^J^ 
Kuiliij-ia  ruhoide:  Mcrliterroneaii.  ■<pA<»Ti>«fi*'»j 
Hull.  =  J/o«iy</'^'»  ('1».,  ■"<•>'.  !/rurllit  (la.  «nlli  Wf 
jihi/Mii  inrrtiiin.  Meililerruiicaii. 

(4)  Sub-order:  Di»coid«m.     Stem  twtnpw 
to  H  Hot  diM-,  with  ft  system  of  cnual-iike  spica 
(central  ca^ty).     Al>ove  lies  the  pueumati>n'« 
in  the  form  of  a  disc-sliaped  reser^'oii-  of  ou 
tilaginoiis  consLsteuee  composed   of  oonmttnd 
ninals  opening  to  the  exterior.     The  polj"} 
aud    medttsoid  aiipendages   are   situate  oti  thtl 
under  side  of  the  disc.     In  the  centre  is  a  \»,Tp 
ntitritive  Polyp,  around  which  are  n  nuiuber  iii 
smaller  ones.     To  the  base  of  these  small  PoI^t* 
are  attached  the  gouophorcsi.    The  dactyloiooiil* 
are    not    far  fixjin  the  edge  of    the  diio.     Tb« 
gonophores  are  .<et  free  as  -Miuill  Mnlwxt  (Ckry 
aomitra),  which  do  not  produce  the  generBtiv» 
mateiiai  till  long  itfter  separation. 


Titt.  18S.— Part,  of  a  Di- 
lAyiA  (after  R.  Loaek- 
art).  D,  Hyilrojilij-I- 
litim  1  OS,  g«ultal 
ni-ctooalyx ;  P,  polyp 
with  tentaclea.  Tho 
IndiTidoal  groapa  ae- 
pamta  aa  Stutoxitu 


run can. 


Fnmi.  VelelUdc. 
Piirpita  mrilitrrriiHra   K-.ili. 


Vilillii     *y»i>(i««     K.wh..    MCTUtit- 


Order  3. — SCYPH(iME0U8i«  =  Acsauepha.*'" 

Ifediuw  of' ctmwierulile  she,  with  tftuitrie  jilaiiteiiU.  The  edgt  (jfti* 
unibrflla  Mird.  Tin  »eMf  oryiiiu  corered.  The  embryonie  ttat^  »ft 
not  hifdroid  gtocks  liiit  Sri/jJiistomtt  and  Strobiln/nriiui. 

The  Meditate  of  this  order  are  distinguishe<l  from  those  of  lh» 
hydroid  groujj  by  their  considerable  size  and  the  gi*«t  thickness  i^ 

•  Bcsiili'S  the  works  "f  Itmncll,  L.  Agawii,  lluxJey,  KysciiUantI,  compM* 
▼.  Siebohl,  "  Bcil^go  lur  Naturgeschichtc  iter  wirbeUoseii  Thiere,"  1M9.    M. 
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teir  uinbi«llii,  the  gehitinous  connective  tissue  of  wliieli  is  richly 

>veloped  iuid  contains  a  quantity  of  strong  tibilUa;  anil  a  network 

eliistic  fibres,  which  structures  confer  upon  it  a  greater  tirinneiss 

id  rigidity. 

Another  chai-ucteri.stic  of  the  gi'oup  is  derived  from  the  structure 

the  edge  of  the  umbi-elln.     Tliis  is  divided  by  a  regular  niunbev 


I&.  l»i.—Anrflla  amrita,  from  the  nnil  ^urtiuf.  M.I,  Till'  tilur  oml  Tentncles  iiilh  tho  month 
I  m  Iha  conlre ;  (rlr,  ijouiTativp  "i-^'niifl ;  IIH,  npertare  nf  trcnitnl  iM»uch ;  Rk,  Mn*e 
I  omn  (mftrgioiU  IjfHly):  Jtii,  miliiil  ve-SH«1 ;  7*,  tentitclv  at  eil>;e  nriho  ditto. 

tndentiLtion.s  tisuiilly  into  eight  grovips  of  loljes  between  whidi  the 
ense  orpiiiK  iiiv  contained  in  .sjie<'iiil  pits  (tig.  11)4). 
The  margiiuil  lolie.s  of  the  Aciileph;e,  like  the  continuous  veluru 
the  IlydruintdtiJiti;  appeiir  to  lie  i^econdnry  fornintious  at  the  eilgo 
the  disc.  In  tlie  young  stage  Jniown  as  Kphijra,  which  is  common 
least  to  all   the  Dincvpliora,  they  are  present  as  eight  pairs  of 


'  Ueber   die   Kiilw-irklnng   i\cr   Mcilus.i  niirilfi   iiiid    C^vnneii  capillata," 

Mr.  far  yatM rijiJirh .  I8U.     H.  .1.  Clark,  "  Pnxlromiis  of  the  Ili.stnry.  etc.,  of 

Order    LurerHiirhi."  Jourii.  of  Bol.  Stir,  if  Sut.  Hint.,  18fi3.     C  Claus, 

In'ti^n    lllier    Polyjieii    unrt    Qiiallcn    ilcr    Adrin."    Diiik'i'hrifteH    der    k. 

ihr    W'iniuHorli.     Il'iVn,    1S7T.     ('.    t'lmis.   "  Uiitersuchuiigen    iibcr 

mBTtupinlis,"  Arbriten  aut  ilum  ZdoI.  Innfitvt,    H  *<•«,  1878.     Also 

^.cl,  1.  c. 
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i-elatively  long  tongue-like  proc-esses,  and  grow  oiit  from  the  iUh-1ii.i 
segments  of  the  Stmhila  iis  marginal  cones.      Au  undivideil  bj  j 
ginal    membrane    (the    erlnrinm),  dilTering  fi-om  the  velum  uf  tji 
Cnmpedola  [in  containing  prolongations  of  the  canals  of  the  gMti*-  | 
viiscular  system],  is  pre.sent  in  the  C/iari/lxleidce  alone. 

The  A  caJephu  differ  from  the  Hi/droiii/'diis(K  in  poMiessing,  as  a  mlf. 
huge  onil  tentacles  at  the  free  end  of  the  wide  manubrium.  IW 
may  be  regai-ded  as  Ijeing  derived  from  an  une(|ual  gi"owth  d  tbi 
edges  of  the  mouth.  They  gi-ow  as  four  ai*ui-like  processes  of  it* 
manubrium  from  the  angles  of  the  mouth,  and  are  placed  radiiUji 


Fta.  IDS.— Diagnunmiilio  lonirltuiHniU  nectiou  Uirouirh  »  SliitotlotM.     V,  UmlmlU. 
gxtric  oavity :    S,  tuli-nmliroUH ;   t^,  Keiutal  band :  Sk,  •ub-KsniUtl  pit :    H,  flkma 
Sit,   miuolo  a^tem  nf   the  >uh-umbrolU :     Bfif,  nulial    vesaela;     iUr.    an 
Hg,  olfactory  pita ;   Al,  ocular  lolic ;   fH;  ahnulUtr  lufta ;  J)k,  doraal  tatta ;    Vt,  1 
tulla  of  the  clffht  arma  ;  Z,  Icrminnl  pftrta  o(  the  iirms. 


i.e.  they  alternat*  with  the  genitiil  orgtms  and   gi\stric   tilaine 
In  some  cases  the  arms  l>ecome  forked  at  an  early  ]>eriod,  and  fo 
pairs  of  arms  are  formed,  the  lolied  tufted  etlges  of  which  may  i 
divide  and  snb-(H\'ide  into  many  Imtnches.     In  this  ctuie,  the  ) 
of  the  mouth  and  the  opposed  surfaces  of  each  i»air  of  arms  fuaal 
early  life  in  such  a  way  that  the  original  central  month  beooOM 
obliterHte<l,  mid  in  its  place  there  are  developed  a  number  of  so 
tuftetl  orifices  on  the  peripheral  jjiu-ts  of  the  arms,  thix)Ugh  wl 
nutriment  is  taken  in  (Rhijsostoiiiidie,  fig.  195). 
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The  form  of  the  gnstrova^culiir   iipparntus  exhibits  considerable 

fei-eijces,  which  in  the  lJi/icu/)/ior(t  iimy  !«?  considered  iis  modilicn- 

is  of  the  EjJii/ra   type.      Tlie   flat    disc   of  the  Ephitra,  which 

split  into  ei^ht  pairs  of  lolies,  coatains  u  centml  pu-^tric  ciiWty 

to    which    the    utual   of    the    short,   wide,    fuur-airnered    niiinu- 

iwiu  le«d^.     From  thk  central  wivnty  there  diverge  eijiht  raiiml- 

te  peripheral  diverticula  (radial  iimicher!),  between  which  there  are 

aed  sooner  or  lat«r  in  the  vascular  lamella  the  same  number  of 

f>rt  iutermediat-e  cnmvls   (int-emiediate  pouches).     The  nidial  and 

Merme<liate  canals  sometimes  beconio  eular<;ed,  a.s  in  Pehujiu  and 


Lion  throUji;h  lla*  lilfiictory  pit,  ibe  !H*ii.-e-'>r.  ■  ii  bcwly)  nnd  lu  uerve 

uirc,  of   AhttIhi    avrittt.     /t,  Olfaelorj-   pil;    L,  loi-  iilirelln  covmigr   tbc 

>  organ ;  P,  tye  epui ;  Ot,  otolub  uf  the  auiUtory  ^<><  .  >.,  >.t>>t.-i  nilcr  bolntiun  of  the 
I :  S»,  eoloderm ;  Jfr,  coloderm  witb  the  luulerlyinK  biyer  of  nenre  fltirilln-,  F. 

wArt/snora,  so  as  to  form  unusually  broad  gn.stric  pouehe«  seiwinited 
tliiu  sepbi  and  without  any  communication  witli  each  other  at 
be  periphery.  Sometima«,  however,  they  become  tninsformed  into 
im:)W  vessels,  lietween  which,  in  the  lufHul  interveuinji  .septa,  there 
i  eeconflarily  develoi)e<l  diuiug  the  subsequent  growth  by  u  sepu-a- 
of  the  two  layeni  of  the  vuacular-lamelLi,  n  rich  network  of 
BH.'itomosing  canals,  and  near  the  edge  of  the  disc  a  circular  canal 
Jia,  ff/i UfiglxmHi). 
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Tlie  gftsti'oviisfular  apjuiiHtus  of  the  cuj>-  or  bell-^llaped  Calfon 
nnd  ChaTi/lxleidit  dilFei-s  from  the  types  iil)ove  deeitTJbed,  soil  n- 
seinbles  that  of  the  more  primitive  ScN^jliiistoma  f^tage,  in  tlwt  tbf 
gastric  cavity  presents  only  four  peripheral  vasouliir  pouches,  wliii 
are  vei-y  wide,  and  sepaiiited  by  exti'emely  thin  «epta. 

The  worm-like  movable  tent«cles  of  the  gastric  cavity,  the  gndiie 
filaments,  wliich  are  not  found  in  any  Ilt/ilnmi^dtmit  atTord  i 
portant  distinctive  mark.  They  coiTespond  to  the  so-called  me 
fihiments  of  the  Anthotoa,  and  afToitl  the  same  aid  to  dige^ 
through  the  neoretion  of  their  glandulai-  entodermal  covering.  '« 
evei-y  ca«e  they  ai-e  attached  to  the  sub-uiiibi-ella  wall  of  thf 
gtomach,  and  fall  in  the  four  radii  of  the  genenitive  organs  (ndiitf 
the  second  order),  whioli  allernate  with  the  nulii  of  the  angles  old* 
mouth,  or  mdii  of  the  tii'.-t  t>rder.  They  usually  follow  the  im* 
edge  of  the  geneiiitive  orgiuis  in  a  simple  or  convoluteil  curved  li* 

The  existence  of  the  nei-vous  system  of  the  AcaiK/i/m  bi>*  onlj 
recently  been  demonstrated  with  certainty.  It  has  been  provrti  tilt 
the  centres  of  the  nervous  system  are  contained  in  the  ectodera  <" 
the  stalk  and  lja.se  of  the  mai'ginal  liodie*,  and  consist  of  a  fon.sider»l)l« 
layer  of  nerve  tibrilla?  deep  in  the  ciliated  c"ctodermal  epitlidiuffli 
the  nei've  cells  of  which  are  elongated  in  the  form  of  a  i-od,  and  W 
round  at  their  basal  exti-emities  to  bo  continued  directly  into  il* 
nerve  fibrillie  (tig.  136).  There  is  in  a<ldition  a  widely  distribut*d  sii'l 
iinjMjrtimt  peripheral  ner\'e  plexus  in  the  muscles  of  the  sulvunil'- 

Up  to  the  present  time  no  investigations  have  completely  eluciii 
the  manner  in  which  this  nerve  plexus  is  related  to  the  nerve  cenB 
of  the  nuirginal  bo<lies,  and   how  the  latter  are  cf>nnocte<l  with 
another.     The  existence  of  a  nerve  ring  on  the  sub-umbrella  <>urf«»J 
ha«  been  proved  only  for  the  Cliarybdeld<t,  in  which  the  edge  of 
disc  is  not  noti'hed  (fig.  169).     The  antimeies  of  the  AcalrjJui 
in  all  cases  a  great  degree  of  individuality,  and,  when  cut  ofT,  ar»« 
to  live  for  a  considerable  time. 

The  marginal  biMlies,  as  well  as  the  pit-like  depressums  uB 
doi-sil  side  of  the  excavations  in  which  the  marginal  liodiM 
place<l  (olfactory  pits),  must  be  considered  as  sense-organs. 

The  marginal  Ijodies  are  morphologically  the  remnants  of  reilu 
tentacles.  They  may  be  seen  on  the  under  side  of  the  nuihrelU  ^ 
the  stage  of  the  Ephiirii,  and  are  overgrown  by  portions  of  Uie  nlj 
of  the  umbrella  (^SUgunuphthnliiuitn).  [They  contnin  a  centi'al  i 
lineil  by  endcKlerai  and  continuous  ynth  the  gasti-o-vascular  sy« 
of  the  <li8c,  fig.  196].     Tlicy  appear  in  all  cases  to  unite  the  func 
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of  ocular  nnd  auditory  iippanitus.     Tlie  auditory  function  is  provided 

for  ty  ft  large  sa*'  containing  crystuJs,  which  originates  from  tlie  <»lls 

of  the  entodeiTii ;  while  tht<  eye  wmsists  of  a  niiuss  of  pigment  lying  on 

the  doixil  or  ventiiil  face,  and  nearer  the  end  of  the  stalk.     In  some 

exceptional  ciiseH  (Nausithoc)  it  is  [n-ovided  with  a  in^fnictile  cuticular 

\enK.     But  it  is  in  the  Chjirybdeida?  that  the  sense  body  re4U;hes  the 

higLest  development ;  for  in  them,  in  addition  to  the  terminal  ^ac 

of  otoliths,  there  it>  also  pi-esent,  in  tiie  wall  of  the  dilated  vascular 

•pace  of  the  [lapilla,  an  extremely  romp1i«ited  visual  organ,  formed 

of  four  small  i)au-e<l  and  two  large  unpaired  eyes,  in  which  lens, 

vitrw)tis  body,  and  retina  can  be  dii>-tinguished, 

le  four  generative  organ.s  of   the  Acale{>ha   oin  l>e  easily  dis- 

igttiiihed  in  winsequence  of  their  size  and  their  bright  cohmring. 

aome  cases,  at  any  rate  in  the  DUcophora,  they  protrude  as  folt1e<l 

ds  into  special  cavities  in  the  umbi-ella,  the  so-adled  sub-genital 

(hence  the  term  P/utiienicofjHf  Each.)      In  all  cAses  these  bauds 

on  the  lower  (sub-umbrella)  wall  of  the  digestive  cavity  (tigs.  1^*4, 

5),  from   which  they  originate   as  leaf-like   pi-ominences.      Tlie 

per  Burfiice  Ls  covered  with  gastric  epilheliuiii ;   the  uudci',  which 

turned  towards  the  .sub-umbrella,  with  germinai  epithelium,  the 

"oents   of    which,  in  the    process  of    development,  pass  into  the 

;86l«tinous  substance  of  the  band. 

The  foi-mation  of  the  caviiie.s  in  the  stili-umbi-elln  of  the  Dixcupliora 

due  toa  local  gwwth  of  the  gelatinoas substance  of  the  sub-umbrella; 

Home  cuseM,  however,  they  may  be  completely  absent  {Disctniivdnsa, 

tluie).     The  matiii-e  generative  prodticts  are  dehist>ed  intf)  the 

ic  cavity,  and  pass  out  thi-ough  the  mouth;  but  in  many  cases 

ova  undergo  their  embryonic  development  either  in  the  ovary 

ri/morti)  or  in  the  oral  tentiicles  {Aurelui).     Sepanite  sexes  are 

the  rule.     Male  and  female   indiviiluals,  however,  apart  from  the 

coloiu'  of  their  generative  organs,  have  only  slight  sexual  differences, 

as,   for    instance,  the    form  and  length  of    the  tentacles  (Jwrc/ia). 

Vltryanora  is  hermaphi'odite. 

In  the  Disoophora  the  development  is  genei-ally  iuH!ompanie<l  by 

alternation  of  generations;  the  asexual  generations  Wing  repre- 

it*d   by   the  Sci/phistoiiin   and   Struhilii;  but  in  except iimal  cases 

It  in  direct  {I'e/<njia).     In  all  cases  a  complete  segmentation  leails 

the  formation  of  a  ciliatal  larva,  the  so-eidknl  pluiiu/n.  which 

it«  itself  by  the  jKile  which  is  directed  forwards  in  swimming. 

i»  pole  is,  however,  opjwsite    to    the    giLstruIa  mouth,   which   in 

>   nieHntime   Wouies   cltjsed,  while   round  the   mouth,  which  is 
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formed  as  ii  perforation  at  the  five  end,  the  tentiw.leg  niipeiu'.  .V^ 
in  the  embryo  Actinia,  two  opjHwite  tentncles  first  mnkc  ihrir 
appearance ;  not,  however,  aiuultaueouxly,  the  one  appeariog  iift« 
the  other,  so  tfuit  the  youn^t  larvii  about  to  develop  into  the  Si\|'l 
t<)mii  pivjiBut-s  a  bilateniUy  Kyiiimtrical  Mtrut-tuiv.  Snbw>)ii-ii 
the  second  pair  appear  in  a  phiue  at  right  angles  to  the  pl.itw  oi 
the  fiif<t  tentacles.  These  four  tentii<J&s  mark  tlie  mdii  of  ilir  firrt 
order.  Tlien  alternating  with  thes<',  but  in  a  less  rejrular  so*- 
cession,  the  third  and  fourth  pairs  appear ;  and  uiou  after  in  tin 
plane  of  the^  latter  four  longitudinal  folds  of  the  gaxtric  mvin 
ni-e  developed  (radii  of  the  tteeoud  oixler  or  of  the  gastric  fikuimti 
and  genital  organs). 

The  eight-iu-med  ScyphUUmui  Mion  ijmduoes  eight  fresh  t«utiicles 
which  succeed  one  another  in  ii-regular  succession,  and  alternate  witli 
the  tentacles  ah-eady  present.  Their  jHisitiou  determines  the  inte- 
mediate  mdii  of  the  futui-e  young  hitcuplior  or  Kjih;/ni.  After  ti» 
formation  of  the  cinde  of  tentacles  and  the  nwu-etion  of  a  clear  U«) 
periderm  (<'firi/sfwrii),  the  SciiphiMiiina  is  cajwble  of  rt'i  ' 
by  fission  and  gemmation.  At  fiwt  the  •Sci/j>fiijtloma  n  :  ' 
multiply  only  by  budding  ;  the  second  mode  of  repi-o<l action, 
pi-ocess  of  strobilizjition,  liegins  Liter.  Tliis  consists  essentially  in 
fissidn  and  di\nsion  of  the  anterior  half  of  the  Itudy  into  a  niimUcJ 
of  segments,  thu!>  changing  the  ScyjtliUtomn  to  a  UtrohUa. 
sepanition  of  the  segments  progi-es-ses  continuously  from  tJje  an 
ou<l  to  the  linse  of  the  Strobilu,  so  that  uft^r  the  disappoanince  tif 
tentacles,  first  the  terminal  segment,  then  the  second,  and  so  fi 
attain  independent  existence.  Each  segment  liecomes  an  Kphj 
developing  eight  jmirs  of  elongate<l  marginal  lobes,  with  a  marpi 
body  in  the  notch  which  separates  the  two  lobes  of  the 
pair.  It  is  these  marginal  lobes  whicJi  give  to  the  edge  of  lh#' 
uiiibrelLi  of  the  Ephyra  its  chanicteristic  apijeanmee.  The  yooD^ 
Kphym  gnuliiidly  iiccpiii-es  the  special  i)eculittritie8  of  form  «nd 
orgiimzatiou  of  the  se.xuully  mature  nuiiiial  {I'idf  tigs,  11.1  a — A). 

The  number  of  nemutocysts  accumttlated  on  the  upper  stirfMV 
the  diw  ami  on  the  teiitju'les  of  many  M'diuiir  enable  them  to  ni 
a  pei-ceptible  stinging  sensation  on  contact.  Many.  «.</.  Ptiagin, 
phosphorescent.  According  to  Panceri,  this  phenomena  tiriginat«<> 
the  fat -like  content,-*  of  certjiiii  epithelial  cells  on  the  surf»ice. 

In  spite  of   the  delicacy  of    their   tissues,  certain   large   Miidi 
bare   left   impressions  in    the    lithogi-aphic    slate  of    Sohleahof( 
(MeiluiitM  circuiuris,  etc.) 


^ 


(1) Sub-order:  Calycozoa  (Cvlicoioa). 

Ciip-iiftajK'l   Acalrphn  nUaciud   by  their  iilnjrtU  pole.      Tliey  /tare 
tr  wid*  vnteul/ir  poiuJtes  ^epomU'l  hi/  nnrrow  walli,  (end  eiylU  arm- 
tprwMMta  betel  voit/i  UiUacles  on  the  edye  of  the  uinbre.Ua. 
The  Caij/eozoa  are  best  considered  in  their  relation  to  the  Sci/his- 

ma.     They    may   be   looked   u])on   as    Sc-vpliistoniii    deprived    of 

tentac-le6,  wliich    indeed   are   only  tniusiitory  .structures,  und 

dongated   tio  as   to  assume   the  form   of  a   cup,    and  changed   in 

iveml    [mrticular>  which  are  characteiixtic   of  the   lueilnsa   stage. 

be  four  septa  arise  by  the  fusion   of  the  four  giustrii-  folds  with 

be  wide  oral  <lisc,  which  becomet;  drawn  in  and  concave  like  a  sub- 
ibrella.      The^   four  septa   separate   the   same   niimlter  of   gas- 
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h».  tlT— «.  A  r<,lfr„c,~„>  {Lor'fminni  tn\m  till'  nral  MirfMCO  m(iinilll«1  n'wml  8  iltaniBtom. 
.*.  Se|il>  "f  Ihc  (•mr  jpistrii.-  (KUichiv" ;  L,  longitililiuiil  mn«-lc'  fllirt-*  with  Ihc  ireniuU  li«nd ; 
Jtr.  mvyiul  tcniHOlf*  *,  The  Caljrvtom  acou  from  Dip  siile;  «,  (Jiiiiul  urinua;  0», 
inxtnc  n^ld  in  the  mnlk  -.  »i  thr  liiue  U  Uta  foot  irbuul. 

trovTiSCular  p<uicht«  :  while  the  nmigin  of  tlu^  cu[i  is  drawn  out  into 
eight  aiTu-like  piiwesse-s,  fivm  which  groups  of  short,  kiiolilied 
tentacle»  arn*  (tig.    197). 

The  geuitiil  organs  extend  on  tht-  oriil  wiill  of  the  uiiilirellii  into 
the  arms  n*  eight  l>and-«hape<l,  plimteil  rirl<ri>.  They  run  ulong  in 
paiix  at  the  lower  part  of  each  septum  in  tiie  gastric  cavity.  The 
ovum,  acconling  to  Fol.  undergoes  a  conii>lfte  segmentation,  which 
rei'ult^i  in  a  single-layere<l  l)l!istos]>here.  This  becomes  an  oval,  two- 
layered  larva,  which  liecomes  ciliiite<l,  swims  freely  about,  and  tiniUly 

'  ..  bes    itself.      The    further    devflopment    proljubly    t^ikes    place 

.  ■  .rlv  without  ttlt«?riintiou  of  generations. 

17 
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Fam.  Lneem&ridtt.     I.tirrrmiria  O.  Ft.  lliiller,  rolyoozon  with  ftmr  ■ 
chttiuWrs  ;    witliuut   ifuuiliil  |ioueli(.'S,   ami  without  the  nccestory  cliunlien 
the  iliffostive  cavily  ulteniatinir  with  tbuw;.     /,.  gvadrifornii  O.  Fr.  Hoik 
rampanuUila   Lmx.      Cratrrolnjili uji   Clark,   with   gt^nitnl    poacbi«   and 

rhninliOre  of  the  gastric  i-aTify  nlt'-n 
tiiiK  Willi  thera.     Or.  Lmrkarli  ^tkM>.^ 
^lirlijiiUiHiIira  Lkt.,  lit-Uir 'land. 

Till)  LHfernaria  are  without  nxn-nuu 
mnriiK-  niiimal.s,  and  are  renuvrl... 
t  hei  r  great  reproduut  i  ve  (lOwcr.   .\ 
ing  to  A.  Meyej,  if  the  stalk  be 
the    cup    re)iroila(x-«  a   new   m.'.     ■■ 
injunil   individuals,  and  even  is' '-' 
pieces,  can  Ixjcomc  porfL-ct  aniniAix 

(2)  Sub-order :  Marsnpialidl 
{lAtljophara). 

TeJra-rnd'uitr  Acthphu  )uutjtf\ 
four-sided    jxnic/t-like   j'unik. 
vtlum  fiat  n  nnooUi  tnanjin, 
cotitaiti^   Vfsteh    [prolmiyntum* 
thr  ijnMro-tyuKnhir  gi/stem],    Ohl 
ntargin  of  tjie  due  there  are  fa 
vertically   placetl    lobe-like    np 
(Un/na.    Tltere  are /our  covered  ) 
organs,  and   the  aatike    uwitUr 
tugcidar  jjoticlies  gefXtnUed  by  i 
row  ptirtllwii  ipitllt. 

The  CharylxUie  are  ilistinguL<J)« 
by  the  deep  bell  slmpe  of  their  Ixxk,^ 
imd   were    formerly    reckuneil   i 
"  CnvKix-dotji  "  ainong  the  Ilyln 
medtisa;,  with  which  they  wr 
have  some  chfti'nct<<ristics  in 
mon.     Amongst    these    4-hnract« 
istics  the    most    Klrikiijg    is   ih 
possession  of  a  !<niooth-«><]ged  reJn 
which,  however,  coiitiutis  vei* 
Fio.  i«e.-o».ir,(*.i  «.«r.",.«;...  uHtunii   Q^  ti,^  o(i,e,.  hanil.  the  preswicr  ( 

siM.    T,  TcntaclpB ;  Kk,  nwri^Qal  bodies  .       _  ■ 

(Mojae  or|[iui>i ;  Or,  ovuritsa.  the  giuitnc  filaments  and   of 

large    sense    or«nins    enclosed 
niclies  points  to  ii  relationsliip  with  the  Acalephn  :  and  this  new  j 
supported  by  the  clinnict-er  of  their  whole  structure,  in  which 
jiecnliaritieR  of   the   Lucenuiridir  luv  jierceptible,   though 
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njoaibesj.     As  in  Luceniiiritl<i;  the  vascular  spates  nre  wide  pouches 
divided  from  each  other  by  four  uiirrow  septii  (ligs.  198,  199). 

The  ner\-oiis  sjrstem  Ls  allied  to  that  of  the  ffydronteduiie  by  the 
presence  of  a  slmrply  defined  nerve-ring.  This  nerve-ring  is  placed 
on  the  sult-umbivUii  side  of  tlie  liell,  jind,  since  at  the  bases  of  the 
four  sense  organs  it  lies  fm-thef  fnxn  the  umrgin  than  it  does  at  the 
corners  of  the  bell,  it  has  a  shiirply  marked,  zig-ziig  course.     The 

!  nerve  tibrilla?  given  oft' from  it  mtistly  supply  the  miuscnilar  .system  of 

^Bb  sul>-iunbrella,  and  there  give  rise  to  numerous  reticula  of  fibrill»> 

^Dimected  with  lai-ge  ganglion  cells.  Lnrge  bundles  of  fibrillii'  com- 
parable to  ner\'es  liave  only  been  fouud  in  the  four  ladii  of  tlu'  mar- 
giual  bodies.  Tlie  latter  attain  a  high  degi-ee  of  development,  since 
tlie  knob-like  swelling  in  wliich  they  terminate  jxi.ssesses,  in  addition 
to  the  lithocyst,  a  complicated  visunl  appanitus  consisting  of  two 
Urge  unpuiretl  median  eyes  and  four 
small  pftii-eil  lateral  eyes. 

The  generative  organ-s  have  a  very 

^^culiur  form.     They  are  sepiiiiited 

I^Knu  the  gastric  tilaments  and  as 
thin,  rather  broad  plates  attached  in 

■fcim   to   the   four   pai-titiou   wnlls, 

Ve»ch  the  whole  length  rif  the 
vafrular  pouches.  Unfortumitely 
nothing  is  08  yet  known  of  the 
development. 

B'Tom.  Cliai7b<leid«.  Cliarijhilru  mar- 
0U]riilli  I'lir.  I^es.  (Miirmjiialit  PliiHci 
I^s.)  Mixlitcrranean. 

■(3)  Sub-order :  Discophora  (.Icrn- 
^■^41 ),  Ep/ii/ra-mfdugrf. 

H[/;t«e-«A«;>«'/  Aciileplia,  l/ie  niarffin  of  whose  disc  is  divided  into  eight 

^■ea.     Thei/  /mv*  nt  least  eight  a^dt-mnnjinal  seme  vrynns  contatnrd  in 

^me/ies.  and  witJi  Iht  snma  viimber  of  ocular  lobeji.     As  a  rule  thtre  are 

/our  ffreat  canities  in  the.  uinhrdUi  for  the.  yeneralive  orgaus. 

^Brhe  Diseopltora,  which  are  genenilly  known  simply  as  Acidrjihu, 

^b  at  once  be  distingxii.slied  from  the  Calycozmt  and  the  Chari/lxleida; 

by  the  disc-shnpeil  lol>ed  tuiilire lla  and  usually  by  the  hirge  size  of 

the  oral  tentacles.     The  lolxis  of  the  umbi-ella,  however  much  they 

may  differ  in  detail,  can  always  be  reduced  to  the  eight  pairs  of 

lobe<>  of  the  &'jih;/ra,  which,  as  the  common  stJirting- point  of  the 

leophora,  presents  most  clearly  the  eight-raye<l  symmetry  char- 


Fio.  190.— The  aiiic-Klbnlfot  ii  Cinrybdta 
diviilod  trantiverscly,  *enn  rrom  the 
ftab-umbrellH  side.  Tlio  four  onil 
arm*  nre  vinililo.  Or.  Ovftrios  on  the 
four  (wpla,  6' ;  Ott,  nstm  of  the  (ftw- 
trie  IMUCbuB  ;  O/,  ipifttrio  flIlUQCnU. 
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act«ristic  of  tlie  nffotip.  Tliu  >triped  uiuj-cles  of  tlie  swK-umbrpll» 
are  strongly  developed  to  ciiiTespond  with  the  great  size  of  the  bxiY ; 
and  beneath  them  the  e«upporting  lamella  is  usually  thrown  iotoi 
uiimlier  of  cloBely  tiggi-egiittHl  ciifidur  foldis,  thus  t«U!sing  h  con^iiJK- 
able  iucreuse  in  the  surfufe  on  which  the  musouliir  epithelium  wiib 
its  circularly  arranged  tibi^oe  are  placed. 

Tlie  (generative  orgiuis  have  the  form  of  hoi-se-shoe  shttix-d  frJL« 
wliicli  project  into  four  widely  open  I'avities  in  the  sub-iimbr«IU 
the  ttih-genittil  pita.  These  cavities  are  not  developed  in  mmuc  n- 
ceptioual  cases  {XautilJioe,  Dideomedum).     The  gemiiual  epitheUuo. 


Kifi.  S"*'.— Jiir.7w  n»nt,i,  nwn  fnim  Uie  iiml  tnirfjicc.  UA,  Tho  four  onil  tamh  wttb  Ite 
miiuib  iu  tlif  c«iiir« ;  Ok,  Tlie  vvuital  fiillji ;  nil,  Oponingt  of  Uir  »ul>-iivnit*l  tmrmm; 
Kk,  Margiiuil  bodlen :  SO,  RadUl  vormU  ;  T,  Tenlni-Iw  on  tbo  nuuttin  of  iha  4Ue. 

which  Ls  always  embedded  iu  the  gelatinous  substiince,  is  cov«»wl 
with  an  entodcnmil  layfr,  and  is  probiibly  itJM^lf  im  ento.lfnh  ' 
product  (fig.  200).  Development  takes  place  by  alteniation  of  ^'  •■ 
rations.  In  nue  c«.sei*  {Pehujin)  the  development  is  simpUfied.  itod 
the  laiTa  j>a.sRe»  directly  into  the  Epln/ru,  mi>ssing  out  the  attitijixd 
Scyjjhistoma  and  the  Strobila  stage  (Kro/m). 

1.  SeiiiCDStuiiiffr.       Discophoni    with    large    central     mouth    Mr- 
[led  liv  ('•.III  liirL'f  lifteu  multi-lobed  onil  arm.s.     llie  form  u(  U* 


All 
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imiliraDi  olgi!,  the  number  of  lobes  and  marginal  tentacles  pi'esent 
pttX  TUMioas. 

ftm.  Iphyropiid*,  Ephri/itjfh,  Ugbr.  (.Xaujtithiie  Koll).  Disc  nmall  and 
HI''  '  -■■  ,>vi,  with  simiilo  (gastric  giios.  without  oral  arms,  Imt  with  eidfht 
mr.  -.     Tlie  (Ti-uital  cirjtans  (in  fonr  pairs)  ilo  nut  lie  in  urabreUa 

O't!'"    L.  j'.  lii;iii-a  Kiill.,  Meilitcrrauean  niid  Adriatic. 

f«ni  Filtgida.  Pelariui  Viv.  I.e».  With  wiilu  ^'astric  pouches  and  eight 
la?  uiifviiisl  tentacle!!  in  the  iutcnailii.  No  alternation  of  generations.  P. 
tniliKii  I'i'r.  I>es.,  Mediterranean.  C'liri/mnru  I'eT.  Lcs.,  with  twunty-four 
Iraj  nufjfjiial  tt-ntaclc*.  The  mdial  and  inlerinc<liate  gastric  pouches  are  (icr- 
oViHt  iliffcrent.  Clir.  Iii/xnnnlln  K«-'h.  Hcmiaphrodite.  North  Sea  and 
Miitic. 

fiuL  Oftamiitt.  CijiiMea  P6r,  lx:s.  The  tentacles  are  united  in  bnndles  on 
IV  miAir  sarfacL'  i-f  the  deeply  lobed  thick  diw.  'I'here  arc  Kixti-en  (eight 
wliil  iiul  ciirht  intcrmi'iliate)  mure  or  less  wide  ({iistric  jioucheH.  which  break 
ipoimt  the  end  oi  the  matyiiial  lolics  into  small  ramilicd  vcsscIb.  C.  rapillata 
t<fh. 

fwii  AoreUdc.  bitrmnriliiMi  Cls.  With  large  oral  arms,  with  branched 
'»»l»»iii|  i-KK  inarsinal  tcntarlc*.  Subgenitail  pits  piv-sent.  IJ.  liihutu  C\g., 
liWitlc.  Auri'liii  IVt.  Le*.,  with  brauchoil  rjvlial  vc8s<'l»  and  e<lge  of  disc 
tttwl  witfa  «inall  tentAcle8.  A.ititritiih.  (_M'iliim  auritit  h.),  Baltic,  North 
^Ailtiatic.  etc    A.JIaridMla  .Kg.,  ooMt  of  North  America. 

1  tOuaoHom^i^.  No  central  mouth,  ftiniiel-shaped  slits  in  the 
'  "iglit  «•]  ftrms  and  eight,  rarely  twelve,  marginal  bodies  on  the  lol>ed 
ix^Kio  of  the  disc.  There  are  no  marginal  tentacles.  The  Dentml 
mwitb,  which  is  at  first  j>reseut,  becomes  clo>i*!d  duriii;;  the  larval 
devplnpiuent  by  the  fusion  of  the  edges  of  the  lips.  Firtmel-like  splits 
«rt  fonned  on  the  folded  edges  of  the  four  pairs  of  arms,  the  so- 
•"l"!  ractorial  mouths,  by  means  of  which  microscopic  lx)tlie.s  are 
IwwthI  int43  the  canal  system  of  the  oral  arms  (fig.  105). 

Siibitloma  Cut.  The  arms  end  in  simple  tnbular  prolongations,  and  bear 
L*'''***'7  tuftn  at  their  hiiHCii.  Rh.  Curler!  P6r.  Les.,  Ojtliea  IVr.  Les.  The 
Insiirhal  itnd  arms  have  groups  of  ncmatocysts  and  long  filaments  l)etween 
tufts.  Crplini  Per.  Les.  (Cmniojiin')  burhmica  DcUe  Ch.,  Merli- 
Adriatic. 


CLASS    III.— t  TENOPHOK.A.* 

Mtdiuir.  of  ephtrioal  or  cylindrical,  rarely  haiulsluijied  form  ;  with 

I  meridiontil  rov}»  of  vihratiic  pUiUg /ormed  of  fiuied  cilia.     They 

('••  frcsoibaur.  "  Studieu  iibcr  Organisation  uiid    Systcm.itik  dcr    Cteno- 
"  ArrHe.  /Ur  Xalvryetrh.,  l«o(>.       L.  Agassi/,.  "  CnntribHtinn.s  to  the 
WaUtrj  of   the  Dnitol   Stalo  of  Amcrii*,"   vol.  iii,.  Boston.   ISfii). 
»lrT»ki, "  Kniwickelunpvgcschichte der  Ripjreiiqiiallen."  Petersburg,  isr.fi. 
■'Kin    Beitnig  «ur  Aoafomjc  und  Entwickluiigsgcschtchte  einigor  Ki|)- 
llcn,"    Inaugund   disscrtiUion,  Jena,    1869.     .K.  Aga«si>!,   "Embryology 
f  tie  (Viinphoric,"  Cambridge.  U.S.,  1874.     f.  Chun.  "  Die  (^tenophoren  des 
"  lT«i  Niapcl,"  I-eipiig.  18*). 
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possess  an  miop/iageal  txdx  and  a  yttslro-vascuUtr  canat  tytUm,.    7W 
latenU  teiitndts,  whicJt  can  be  retrticteii  irUo  fmucJies,  are  often  preseid. 
The   Ctenophora  possesis   a   Khai)e    which    can    in    nil    cas<*i   l» 
reduced   to  ii   sphere.     They  lire   radially  symmetrioil    free-swim- 
ming    VftleiUemtn      of      gelatiiiDm 
ooiisisteuce.        The    body    is    ofta 
biLitei-ully  compressed,  so  that  it  i 
possible     to 
distinguish 
two    planes 
passing 
tlirough  the 
long  iixis  at 
right  angle* 
,         ..     to  one    an- 

Fio.    sol. — Cj/itip/trt    seen    from     the 
a|ii«u  polo.    .1,  ait«iit«i  plane ;    T,  Other :  these 

t™„.ver,e     pl«,e;      K     .wimmiu„    ^rptheg^wi- 
plutes  :    ('/,  gii^tro-viuetuKr  feystem.  ■' 

tal  pliincand 

the  Irinisvfrsf  |)lniit<,  uiitl  are  ntialogous 
to  the  me<lian  (longitiulitml  vertical),  ami 
lateral  (longitudinal  horizontal)  planes  of 
hilaterally  svniinetricfil  animals  (tig.  '201). 
Tlu"  aiT-.iiigenient  of  the  int^inal  organs 
bears  a  relation  to  these  two  planes.  All 
parts  of  the  bo<ly  which  occur  in  p."urs,  as 
the  two  tentatrles,  the  gastric  ennuis,  the 
hepatic  Viands  of  the  stomach,  and  the 
vessels  which  give  origin  to  the  eight  lateiiil 
canals,  all  He  in  the  transverse  plane,  while 
the  sagittfil  plane  oniicides  with  the  longer 
ajrisof  theoisopliageal  (gastiic)  tui)e  (whence 
also  called  the  gastric  plane),  the  two  so- 
called  p<il  ir-fieMs,  and  the  ternunal  vessels 
of  the  infuiiililjulum. 

The  infumlibuliim  is  so  compressed  that  ri9.i(a—Cfdit^(i 
its   longt^st   diameter   falls    in    the   lateral     i''""--    t»h«r  chiai). 

...  ,  .  .  .  M'mtli. 

plane,  which  on  this  account  is  sometimes 

called  the  infundibular  plane.     Since  these  two  planes  dividp  the  1 

into  halves,  which  correspond  with  one  another,  and  since  there  is\ 

division  into  dorsal    and  ventrol  surfaces,  the  aiTangeuient  of 

body  may  be  tioid  to  be  hi-i-iidinlly  symmetrical,  but  amnot  be  ( 
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jbilaterally  symmetrical,  although  each  half  (wssesses  this  property. 
fThe  body  is  di\-ided  by  tliet*  two  perpendicular  planes  into  four 
laniilAr  quatlrants. 

Locomotion  is  principally  efTected  by  the  i-egular  vihi-atiou  of  the 

thyaline  sw-immiug  plates,  which  ai-e  disposed  over  the  surface  of  the 

in  eight  meridioual  rows,  in  such  a  way  that  each  quadi-aut 

two  rows  of  plates,  a  tmnsverse  and  a  sagittal  (lig.  202). 

LlAKomotiou  is  also  assisted  by  the  contnictility  of  the  luuhcle  libres 

lof    the   gelatinous  tissue ;    this    conti-actility   in    the   Ixiiid-shaped 

"ettida  causes  an  undulating  motion  of  the  whole  body. 

The  mouth,  which  is  .sometimes  surrounded  by  uml)i-ellu-sha]>ed 
lolted  pi-oces-se-s  of  the  gelatinous  tissue,  leads  into  a  wide  {Beroe)  or 
narrow  ossophagoal  tube,  which  in  the  latter  case  soon  Womes 
flatt«ned  and  broatl.  The  tcsophageal  tube  is  furnished  with  two 
hejNitic  builds,  and  com- 
muninktes  posteriorly, 
by  nn  opening  capa- 
ble i>f  being  clo¥e<l  by 
mtiscles,  with  the  gastric 
ca>'ity,  or,  as  it  is  com- 
monly ca]le<l,  the  i>i- 
fundihuhiui.  The  long 
coidpliageHl  tulte  projects 
and  opeu.s  freely  into 
the  infundibulum,  and 
is  completely  suntjundeil 
by  the  gelatinous  sub- 
stance, as  fur  as  the  level 
of  the  two  longitudinal  vessels  wliich  accompany  the  two  latei-al 
,  «irf(tce.'  in  the  transverse  plane. 

t  Tlie  infundjbulum,  which  Ls  in  all  cases  compi'essed  in  a  direction 
at  right  angles  to  the  wsophageiil  tube,  gives  oH'  eight  vessels  to 
the  swimming-plates.  Tliese  vessels  huve  a  bi-radial  symmetry.  It 
also  gives  otf  two  ves.sels,  which  are  dilated  into  two  terminal  sajtx  ; 
the  latter  suri-ound  the  sense-organ  at  the  aboiiil  pole,  which  is 
known  lus  the  otolith  vesicle,  and  e<u'h  of  them  opens  to  the  exterior 
by  an  orifice  which  is  pliu-ed  in  a  diagonal  plane  and  is  capable  of 
eing  closeil.  Two  tentacular  vessels  may  arise  from  the  l)ottoiu  of 
bo  infundibulum.  The  internal  surface  lx)th  of  the  ci'sopliageal  tube 
nd  of  tlie  infundibulum  and  its  vessels  seem  to  be  completely  clothed 
ith  cilia. 


KiG.  :yi.i,— AtKJral  end  nf  CalUnuirti  tjuittilti  {ttflor  K. 
Hortwlu-J.  X,  The  twi)  i>olftr  Himcea  ;  r,  the  ))e^iuuiQ^ 
fif  tbo  eigliL  ruws  of  Hwin)niin>f  jiUit«fi,  between  which 
the  t>tuUth  risielfl  uid  the  nerve  plate  ftra  won. 


1^^ 
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ITp  to  the  present  time,  the  nervoos  in.-st«m  of  the  Hei 
(fig.  203)  U  bat   impt-rfectlv  known.     Tliere  is  no  doabt  ih—         — , 
Imrj(e  vcwclg   fiMin*!  at  the  nbnntl    pole,   with    its   uleur  flui*-* 
vihraiile  otoliths,  i*  »  a«p»  organ  ;  it  i.*!  nian  pxo^edingly  ptr^  •'•"'^ 
taking   into  coiuBtkration  Um  orguuzntioii   nf  the   Aoileplu^ 
the  centra]  nervoiut  system  of  the   f^tvtutpliom  ia  oontaiued  ie^ 
tbieketoeil  liaa*  of  the  vt-jclr,  th'  fnoliih  pint',  t-^peciallv  hs  the 
M  ako  doady  nnite<l  with  a  second  sfiistr-<irgiin,  tlie  sa^tuU 
MTtru,  which  hare  nire.idr  Uieti  described  by  Pol  ok  olfitotot^ 
and  is  also  directly  connected   with  the  swimming  phitet  by 
ciliated  grooves. 

Trvib  neaaatocyBla  are  but  f«Ulom  found  in  tlte  ectoderm  of    »> 
*'t<mofJ\ora.  but    they   are    repn's*-!!!**!     *'.' 

t/6^  |KTiiliiir  fixing  or  prt/ieiitiU  rrlU,  the  *•* 

^  irf  which  is  prolonged  into  it  itpimllT  «>il«"i 

^  thrmJ,  while  the  projecting  and  convex  ft" 

r    i|_         fn>l  (tij:.  204)  is  of  a  glutinous  cousi't*a* 
^  ^    '  *         ;in<l  b»Hy»mes  reatlily  nttache<l  to  any  ol>J8' 
which  touches  it. 

The  Ctftwjthont  are  hermaphrodite.  B<«i 
kinds  of  geuei-ative  products  arise  on  thewnH 
<if  the  vessels  of  the  Kwiuiming  plates  iir  "I 
blind  sac-like  diverticula  of  the  same, 
times  their  production  is  localised  [Cftt>a»)i 
sometimes  they  originate  along  the  wholt 
length  of  the  canals,  one  side  of  the  lattir 
lieing  Ijeset  with  egg-follicle«.  the  other  -.villi 
sperui-?«cs  (Bertie).  Tlip  germ  layers,  «i'i'"'' 
arise  from  the  ectoderm,  are  oorrrvd  \ij 
entodermol  epitheliimi,  and  are  aeponttd 
from  one  another  Viy  u  projectilig  iM. 
Ova  and  spermatoxoa  pusn  into  the  gastni- 
are    ejected    thi-ough    the   ajiertures   of    iJts 


Fic.  !04.  -  Smooih  Buscto 
ntma,  (irpheiitile  celU 
«Q.  mad  taoul*  e«Ui  (t.), 
trnm  the  Iftteml  ftUuneou 
of  ibe  tcntju*le  of  Euftlo- 
tmmi*  ttnttomi*  (nfler  R. 
Benniir).  ij^,  Prulongn- 
Uon  of  ibe  contnctilo 
UunMl  nf  a  |irebeiuUec«t1. 


i*i\ily,   and 


vascular 
xame. 

The    fertilised    oviim,    which   is    enclosed    by   a    loosely    ! 

membrane,  consists,  as  in  the  case  of  many  JJedtuKt,  of  a  thin 

layer  of  finely  gi-anular  protoplasm  (exoplasm)  and  a  central  fwxl 
yolk  (enilopliKm),  containing  vacuoles.     The  segment'iiion,  wlv" 
complete,  leA<ls  to  the  formation  of  two,  four,  eight  segmeii'. 
spheres,  each  of  which,  like  the  original  ovum,  consists  of  a  11:1'    ' 
mtuif,  surrounded  by  a  thin  layer  of  finely  granular  protoplasm.     In 
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tiie  «U^  with  four  segments,  the  segments  are  so  disjiosed  thut  two 
pspeodieuUr  plan&s  pltu;ed  Ijetween  them  would  cowesjKtnd  to  the 
two  pnacipal  planes  of  the  fully  developed  auimstl.  Eiich  of  the  four 
xpberes  gives  rij>e  to  one  of  the  four  quiidnints  of  the  udult  iininiiil 
(Fol.)  Tiie  whole  mass  of  the  finely  granular  exoplasm  now  becomes 
coli«eU<i)  At  the  upper  end  of  the  segmentation  splwres,  where  it  is 
•pwitwl  off  and  gives  rise  to  eight  new  small  spheres.  These,  by 
emtiiKieii  division,  break  up  into  a  gi-eat  number  of  small  nucleated 
wUn  which  increase  rapidly  and  grow  round  the  eight  lai'ge  seg- 
meniatinn  spheres  or  the  cells  produced  from  them. 

Tix  pung  Clenopfwra  sooner  or  later  leave  the  egg  membranes, 
uiil  at  tliis  [leriod  differ  moi-e  or  less  from 
th?i*in.illy  ni»<ui-e  itnimul  in  the  simpler 
Bill  ui'aally  more  spherical  form  of  the 
W_v,  in  the  small  size  of  the  tentacles 
uxl  s^inmiiug  pLites,  and  in  the  (UH'er- 
«ice  in  the  relative  size  of  the  (rsoplingeal 
robe,  infundibulum,  and  vnscular  canals. 
The  differences  ai'e  most  striking  in  the 
\iM  ''t^utp/iora  (with  the  exception  of 
Cofttift),  the  embryos  of  whicli  have  a 
p«t  dniilnrity  to  the  young  of  C'l/ilijij";, 
wd  hnve  no  traces  of  lii-riidiHi  structure. 
U  is  unly  after  a  longer  periiHl  nf  larval 
lif»  tlint  the  completely  mature  form  is 
M*w»i«l  by  the  unetjual  giowth  of  the 
winuning  plates  and  their  cjinuls,  tbeout- 
porth  of  the  tentacle-like  processes,  and 
tb*  fonniition  of  two  lobe-like  pn)jections 
"oind  till?  mouth  from  tliose  halves  of  the 
'"'ly  which  oorrespond  to  the  longer  rows 
"f  swiiiiming  plat**.  Tlie  phenomenon 
'wiiiirlcBil  by  <.'hun  is  worthy  of  notice,  th.at  the  young  of  Eiicharis, 
"nile  still  in  the  larval  stage,  become  sexually  mature  duiing  the 
•">'  perioil  of  the  year. 

Tw  (.'tmophom  live  in  the  wanner  seas,  and,  unrlei-  favourable 
"'iilitiijjijij  often  appear  in  gi-eat  quantities  at  the  surface.  Tliey 
'<*u  on  marine  animals  of  various  size,  which  they  capture  with 
^^  UmtAcW.  Many,  as  the  Beroidie,  which  do  not  ptjssess  tenta- 
™«,  «m  corn|x>nsiite<I  for  this  deficiency  l>y  the  po.sse8sion  of  an 
nnttiiiiilly  large  month  (tig.  205),  by  means  of  which  they  are  able 


Kio.  «I5.  —  Brrot  otaiiu.  01, 
Litbucyst,  at  itH  sides  an  tba 
ttmall  teiitnclu  of  ilio  polar 
areait ;  Tr,  infnndibatnm. 
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to  receive  relatively  large  bodies,  even  fishes,  into  tbe  wide  (wopL 
tube,  and  to  digest  them.     Although  the  average  size  is  smull,  K>a 
of  theiu,  lu";  Pevtiim,  Euclmria,  reuch  the  length  of  ft  foot. 

Faiu.  Cydippidee.  Hmly  Blightly  compressed,  spherical  or  cytinilricil,  mit 
i-xtremcly  recuhir  ■levelo[inifnf  of  tlie  swimming  pUtea.  Their  stnictan 
therefore  npimri'iitlyuctorailial.  They  possc»-«  two  tentnclcs  ;  the  re»«Uoft! 
Btoiuach  ami  swiinmiiifr  plnlcs  eti'l  blindly.  Cydippe  hnriiiiphivru  {ifht.' 
' Ifornii/iliimi  pliiiiKim  Ag.,  .MtsliliTninean.  Etrhnrhnltziii  ntrtiitta  K'lill 
Mediterianenn. 

Kiim.  Oeitidv,    Bixly  elongated  to  the  form  of  a  bnnd  in  the  directi<)n  of ' 
sugiKal    plauu.      Two    tentaclos.      Vrxillum   pa  rail rl inn     FoL,    C'suinry 
{^ittiim   IV-nrrijr  Less.,  Venus'  (iinlle,  Meiliterrnni'an. 

Kani.  Lobata.     The  latcniUy  compresscil  Ixxly  j)OBses.-io»  tv\-.>  iiiiil>ri'lla-U) 
lolics  mar  the  ninutb,  ami  ha.*  relatively  small  tcni<u-lc».     Burltumiihuta  rrr 
Uijrrn  (igbr..  Meiliterranean  and  Atlantic  Ocean,     t'hiiijii  pnpitliva,  M.  M< 
{Alr'iHtif  papilhiiui  Ik'Ue  Ch.  —  .Vr«/Ai/(/««<»  Lev*.).  Meditormnean. 

Knui.  Beroidte.     Chararterisol  by  the  laterally  corapre»w;d  IkkIv  with  frin 
liicc  appeiidairen   on  the  |>cripliery  of  the   polar   spaces  :    without   tenn 
Jirtiii    fori-liiilii  .M.  E<lw.  (jilhrirrHt  and  rufeteen*  Forsk.),   Idfiapiit  tliH 
Ag..  Paiulara  tleinmiiiijii,  Ksch. 


CHAPTER    VIII. 

EcilI.VODEaXATA.* 

Auimah   with  a  radial,  inntall;/  jMfnlamr.roiis  arranymunt.     71 
]>osses«  a  nkin  henrinij  spicules  and  indurate.d  hi/  cntcareou* 
ditjestive  caiuU,  a  water-rascular  npjMtratuii,  and  a  true  ratcular  #1 

Tiie  iivdial  arnmgenient  of  the  Ek-hinodemis  wns  for  a  long 
held  to  be  a  chariieter  of  typical  value,  and  wa*  the  {iriiioiiNil 
why,  Rinoe  the  time  of  Cuvier,  the  Efhiiioderui>t  were  iucludc<l 
one  group,  the  Itadiafn,  with  the  Me<lusie  and  Polypti..     It  L»  i 
in  recent  times  that  R.  Leuclairt  hiu>  effecte*!  the  sepnrutitm  of 
Pjcliinodenu.i  from  th<'  Cd'lenterate.s. 

The  organization  of  the  Echinoderms  do<«<  in  fact  appe«r  m  dil 
from  that  of  the  CVclenterates,  and  seeniA  to  belong  to  a  ao 
higher  grade  of  development,  that  the  combination  of  the  two 

'  Fr.  Tieduiiiann,  "  Anatomii"  der  liiibrealiololliiiric,  ili-"  J -••'•'irl«nm 

Srestcrne"  iinil  den  Sti'in-.><eeiecl>'."  Heidellwrv'.  f^io.     -Joli.  M  <s  Am 

Ban  der  KchiinKlennen,"    Abh.  dor  Berl.   .Akad,    |(<53.     Joh. 
,\l>h»n>llijiigen  iiW'v  ilie  Larven  unddie  Eutwiikclnngdcr  Kch)' 
<ler  IVrl.  Akad,  1841',.  \»^v^.  Ihi'.i,  Is.'iO.  l.«l.  1.S52,  18.M.     A.  .\. 
logy  of   tlie  ."<tnrli»h."     Cnntributions  etc..  Vol.,    V.   l^iCl.     !■..    .UiIjucI 
"  Stuilien  iilier  die  Kntwiekilungsgcschichio  dor    Kchiniyicriiirn  un<i  X< 
linen,"    ."St.    i'etersburg.    l^'J.      H.    Ludwig,    "  MoqiboUyiiwho    Madicn 
Echincidcrmcn,"  Leipsig  1877  and  liiTS. 
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is  itmdmLssible,  and  »o  much  the  more  so  since  the  rndiiU 
of  the  structure  exliibits  some  tmnsitions  towards  a 
bfltteni  <ymnietry.  The  EcAintxierma/n  are  separated  fi-om  the 
CmlmUrala  hy  the  possession  of  a  sejwirate  alimentary  canal  and 
WCuLir  n-stem,  and  also  by  a  numhc-r  of  peculiar  feature.-*  Iiotli  of 
ure>niz<ition  and  of  development. 

Hi' arrangement  of  the  parts  ixjund  the  axis  of  the  body  is  usually 
paumert'tis.  Nevertheless  when  the  mys  are  more  numerous,  irre- 
iniWities  in  the  repetition  of  the  similar  organs  are  met  with.  If 
"»« tiJcp  as  the  f undamentail  form  of  the  Echiuoderm  type  a  spheroid 
rth  the  principal  axis  somewhat  shortened  and  the  poles  flattenetl 
uiii  ilifsimilar,  the  long  axis  of  the  raiiial  Wly  will  be  this  chief 
«n«.  lind  the  uiouth  and  anus  the  two  poles  (oml  and  anal  jxiles). 
We  cut  imagine  five  planes  pass- 
ing through  the  long  axis  of  this 
ffhfrioJ,  each  of  which  will  divide 
le  Uxly  into  two  symmetnc«l 
Te»,  The  perfect  correspondence 
these  halves  is,  in  the  bo<ly  of 
Echiuoderms,  disturlied  by  the  dif- 
ferent forms  and  signiticance  of  the 
ttf  pole^  so  that  otir  repre>*ntj»tion 
i»  not  Hn  exact  one.  The  ten  mei-i- 
dltiu,  which  are  separated  from  one 
•anther  by  equal  intervals  and  fall 
ill  tli(.,e  five  planes,  are  differently 
"'lilted  to  one  another,  inasmuch  as 
fire  &ltemnt«  ones,  which  are  CiiUe<l 
fixe  fJiirf  nii/M,  or  radii,  contain  the 
important  organs,  the  nerves, 
the  vnwidar  trunks,  the  ambu- 
1»^  feet,  etc.,  while  the  other  five  meridians  constitute  the 
itdtsrmiiinte  rays  or  inter-rridii.  and  also  contain  certain  organs 
|(fi|f.  200).  It  Is  only  in  cases  of  complete  equivalence  of  the  railii 
■  iatWfWMlii  that  the  echiuoderm  tx>dy  presents  a  pentameixais 
^ement  (rrgrdur  J-Jc/iinodatnii).  It  is,  however,  easy  to 
'  that  this  reg^nbir  r.idi»l  sj-muietry  never  occurs  in  its  perfect 
fonu.  Since  one  organ  or  another,  «;.</.,  the  uiailreixtric  plate,  the 
•*«•»  CMial,  heart,  etc.,  always  i-emains  single,  and  does  not  fall  in 
Um  axis  of  the  body,  it  will  be  only  tho.se  planas,  in  the  nulius  or 
h  the  unuiij-ed  organs  fall,  which  cjin  fuUkl  the 


Fio.  S06.— The  shelt  of  n  retruliu'  S«»- 
archiii  Heen  from  nbovo.  R^  RiuUaa 
with  double  row  of  jicrfomtcd  plates; 
J,  iutor-nuliiiB  with  the  ^nitnl  org»xu 
aihI  Uicir  poret*.  lu  the  ri^ht  ante- 
rior inter-rtuUns  is  the  miulrepcric 
pi  lite. 


iuH  of  which  the  un|)i 
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conditions  which  lulmit  of  the  botly  being  div-i.led  iuio  two  lA 

symmetrical  la 
Even  these  plAnadi 
exactly  fulfil  tliise 
ditions,  since  the 
mHiiiiug  oi^Eians  tf 
rtiictly  symnietiifi 
i-epini  to  such  «  pi 
Very  frequeotlj 
of  the  iiiys  diflm  li 
hf)ui  tlie  others, 
then  we  have  an  « 
Inritjf  in  the  W* 
form  of  the  E»'liiuo 
which  i"endcr-  tl 
Intt'nU  sjTiimetry ' 
even  fiYim  the  eJT 
The  peuiauierous 
of  the  Echinoilen 
become  hilateriil 
]ilane  of  the  U 
my  fui-niinff  a  I 
plane,  on  eiich  side  of  which  two  pairs  of  equal  rays  are  re 
We  win  distinf^iiifli  «n  upper  sur- 
face (iipiciil  jx)Ie)  nn<l  an  umler 
(onti  pole),  H  right  and  left  »-ide 
(the  two  paired  niys  and  tlieir 
inter-radii),  an  anterior  end  (un- 
paired nidius)  and  a  posterior 
(unpm-ed  inter-nidius).  In  the 
irregular  Sea-urchins,  the  bilate- 
rally synimetricHl  form  is  rtill 
more  strongly  marked.  Not  only 
is  the  unpaired  radius  of  abnormal 
size  and  form,  and  not  only  are 
the  angles  at  which  the  principal 
ray   and   the    noceKSorj'   nays  cut 

each  other  e<]unl  only  in  i>au-s,  hut    Fio.  sng.— .fc»iii«(«- (S/».he«^«i.j. 
I  -  •     ai      > »i  a    •!      iAi      oii-\         vcDiml  *ifto,     O,  mouth:   A.  < 

also  m  the  (  hipautndcfl  ( tig.  20  <  ).        pore,  nf  ,he  ambnUu™!  titT 

the  anus  in  removed  from  the  dorsid 

pole  to  the  ventral  half  of  the  body  in  the  unpaii-ed  ini 


Flo.  9O7.^~Cf)fjttn0tfr  rtmicfut^  from  the  "lorMil  aide.  Tlie 
tDadrcporic  plate  ifl  mtiuile  in  thn  centre  and  ia  aur- 
roundoil  by  Bve  ironiuU  pores  iind  ty  the  Bve-leuirol 
roietic.  The  nupnlred  rodiuK  in  directed  forwardK. 
At  tJie  aide  is  ihe  mediitn  portion  or  the  ventral  flor- 
fiice.    O,  mouth  ;  .1,  tmus. 


/' 
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wliiJc,  in  Spatanffida,  both  poles,  or  only  the  oral  pole,  lu'e  shifted 
in  lie  direction  of  the  unpaired  radius,  and  become  eccentric 
(fii-.  -Mj. 

Uiilvufew  of  the  regular  Ec/iinodernmta  huve  the  nieanss  of  loco 
■Botioo  ou  nil  the  live  mys,  and  »eidoiu  then  ulon;&;  the  whole  length 
of  their  meridiau» ;  far  more  fi-etjiiently  the  nrt'H  surrounrJiu);  the 
on)  pule  l)ecoine«  vrith  regtiiM  to  the  pt>siti(>n  during  inovfUU'iit  the 
v«nlnil  ^uI-flM;e ;  it  iis  flattened  and  iimiuly  or  entirely  possesses  the 
ttxtD^  o(  locomotion  {nm- 
ilaaxil  mrj'ace).    Tliesei-e- 
U(i(m.«alway8  obtain  nmoiig 
ihf   irregular     Hcfiinoder- 
*><"  which    do   not  move 
iiidiirirently  iu  the  tiii-ection 
li  »ll  five  rays,  but  princi- 
H'y  in  tliat  of  the  unpiiuvd 
Kpcii-.    In  these  animnls  the 
^kuitii,  and  therewith   the 
I    (wl  pole,  being  piwhed  to- 
*«nU  the    iinterior    e<lge, 
ite    two     po^teriol•     i-.idii 
(6in'i(m)  seem    priucipilly 
WDcenied  in  the  fonuation 
of  tlu)  ventral  siirfivce  {Sjm- 
j.    It  IK  othei-wihe 
nwpof  thecylindric.'il 
^othiiriatig.    Their  mouth 
»  preserve  the  nor- 
fOcition  at  the   pole** 
^  tbe-  elongated  axis,  and 
(V  bmiy  is  not  unfreiiuently 
^^I'omprttMNl  in  tiie  direction 
^B*f   U)e    axis    in    such    n 
^BBnmioi  tlmt  three  radii  {/ririnm)  with  tlieii-  organs  of  locomotion 
V  »r>-  piueed  on  the  foot-like  ventr.il  surface.     Ou  the  Uwly  of  tliese 
llnltjlJiunan*  one  nnpaired  and  two  paired  radii  canl)e  dLstinguished, 
'v  ill  tlitd  nise  the  nnpaire.l  radius  with  its  int+'i'-ntdiu^  iii;irk.-,  not 
•■  ttulerinr  and  [^KJKterior,  but  the  dorsal  :uhI  ventral  wurfiicen. 
In  many  Echimxleruiin  (Kchbwldea)  the  oblate  spheroidal  fnnii  is 
?  [ttemlenl  one.     The  princi|'al  axis  apjiears  sh(>rteiip<l,  the  apical 
ilo  luny    1*   either  {)oitite<l  or  flattened,  and    the   veutiul   half  is 


Fib.  aoii.  —  Ciienm-ir'in  with  oxtcn<lc<l  ileuciritlcBlly 
hnincbetl  tentacle*  {T).    Af,  iimlmliiiral  feet 
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Fio.  310. — Caloiureaiu  ItodieA  frnni  thv  inteipunout  nf  Hfilothu* 
rifiiiA.  II,  clUcAroouH  wbeeU  of  I'kinhtnta ;  A,  auchur  -^riilj 
mpportJTi^f  plulo  of  Sjfmifita  ;  r,  rlmir-liktr  htjillp!* ;  J,  plHleft  of 

J7l>/(iUltl*K1  imiHitiniM;  c,  huoks  of  Ckirfik-dt. 


fliitteneil  out  to  form  a  uioi\>  or  less  extended  mirfaee. 
Jriod  form  is  obtiiincHi  by  an  elongation  of  the  axis  {Hotolhum 
(fig.  209),  the  round  form  by  a  sliortening  of  the  lionie  and  ihep 
gonal  disc  by  the  latter  pi-oeess  coiiiljine<l  with  a  siiniiitiineotuell 
tion  of  the  rudii.     If  the  radii  are  elongated  till  they  aiv  two  of 

timM  the  li 
of  the  intw- 
the  form 
the  shape 
star  (Attm' 
which  ton] 
either  fla 
ia-che<l.  Th« 
of  the  star  I 
pimple  piwx 
the  ilisc,  U 
close  u  part 
body  cavity 

leridea,  Star-iUh),  or  they  may  be  more  independent  movaible 
sharply  marked  oft'  fmni  the  disc,  and  as  a  rule  simple  (Ophix 
but  sometimes  branched  (Kuri/nUda'),  or  they  may  even  b<fl 
jointed  side  twigs,  the  piiintdif  {('rinoidm).  ™ 

An  imix)rt.iint  cluuiict^ristic  of  the  Edtinodtrinatn  is  the  i 
tion  by  calca- 
reous dc'iK)sits 
of  the  deejier 
layers  of  the 
integument 
(dermal  con- 
nective tis- 
sue), so  as  to 
give  rise  to  a 
solid  moi-e  or 
less  moveable 
or  even  im- 
moveable ar- 
mour. In  the 
leatheiy  IJolo- 

thuroidra  (tig.  210)  nlone  these  skeletal  structures  af 
isohvted  ovlcaieous  bodies,  which  ai-e  embedded  in  the  integnnu 
iiiive  11  definite  form  of  latticed  platw,  wheels,  or  Hncbors.! 


Jp 


Mp 


nt 


PlO.   ill.— Skeletal  piMm  uf  JMrn,<tt«ru  Ihtpriiilii  ((fWr  J 

DS,  dunukl  tnmrgiiinl  ngsides  :    ''if,  ,-■•-■' < 

umbuliicrKl  owdclnt ;  J;<,  intennediiii* 
auUrior  mlambulncrai  «>»*it'leii  projri-t 
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<»'*i  the  ilmnal  mtuciilar  nystein  is  stronjs^ly  tlevelope<l,  and  has  the 

fonoo/fivepaireof  bundles,  of  lonpitudinnl  rniiK-lw,  exteranl  to  which 

i(  ■  rnDtinuous  layer  of  rirculnr  muscular  tihivs  coverinfr  tlie  internal 

wrfaw  o(  the  integument.     In  the  Star-Hshes  and   Brittle-stars  a, 

noTaiUp  dermal  skeleton  is  formed  on  the  arms  consiiiting  of  calcare- 

nuoimm  (amlndncml  osficlea),  connected 

kpther  like  vert<;bne,  while  the  int<»)iru- 

i(  of  the  dorsal  surface  is  filled  with 

plat«s,    and    bears    projecting 

fnumm  and  spicules  (tig.  211). 

Tkc  exoskeleton  in  the  Sea-urehins  is 
ODiiunreftble.     It  consists  of  twenty  nieri- 
JiiaJ  rows    of    solid    udcareous    plates 
UDooveably  connecttnl  together  by  their 
ao  as  to  form  a  firm  shell,  wliich 
nmtinuous   exceirt.  at   the   two   poles, 
it  is  interru)»ted    by   membrnnr>Ms 
ures.     The  rows  of   pLites  are   ar- 
^KftA  in    two   grouiM,   each    with    five 
(wru:  of  which  the  one  group  is  radial 
I"  K^iliiin  and  consist*  of  plates  pierced  by 
the  pores  for  the  exit  of  the 
ambulitcml    feet    {nmhulacral 
plaUt,  fig.  212) ;  the  other  be- 
longs to  the  inter-radii,  and  the 

plates  are  impierced  (M«  inUrariJndticral  }AaU»,  fig.  206, 
R,  J).  Near  the  apical  [X)le,  which  in  the  Criiioidea  and 
the  enibrj-onic  Seftinoidia  is  occupied  by  a  single  plate 
(central  ]>Iate),  there  is,  in  the  Sea-urchins,  a  small  area 
covereil  with  minute  wtlcareous  plates  and  couUiining  the 
anus.  Aruun<]  this  areu  the  five  ambulucral  and  the  five 
intLTambiilacrul  rows  termin.ite,  each  in  n  |ientagonal 
plate  ;  the  former  ending  iai  the  smaller  radial  ocular 
plnt«s  (fig.  200),  the  latter  in  the  larger  inter-nulial 
genitftl  plates.  The  CrinoirUa,  in  addition  to  the 
dermal  skeleton  of  the  disc,  {M^ssesM  a  stalk,  which  in 
comjioiod  of  {ientagoniil  calcareous  masses,  ariises  from 
(Jh  iarmi  side  of  the  l>ody,  and  l»eoomes  attached  to  firm  sur- 
rP— Jmg  objects. 

Anoo^M  tlie  appendngMi  of  the  deruial  armour,   the   numerous 
lod  vuioanly  shai>e<l  ><]>iiie«  and  the  pedicellariie  must  l>e  mentioned. 


Pio.  til.  -  Thlr<l  untraliicniin 

'if  II  yuuij^;  TasnfimrmHfa  iror- 

huehrnM  'if  3  mm  (ikfterliGV^). 
Of^  Ocular  plaui  \  P,  pritoMry 
Plata*  kiulMnlAoIc  ports,  Tha 
•ntun*  of  tbe  primary  plalca 
■re  Tuiblcon  the  platen;  8m, 
tbe  tubercles  to  which  the 
•piaea  are  articulated. 
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The  foituer  are  tnoveiihly  iirticulnted  to  the  knobbe«l  tn>*j 
the  shell  of  the  8e»-urchin,  and  iii-e  raised  aud  moved  lateraltj 
(special  muscles  develo]ied  in  a  soft  supei-ficial  dermal  Urer. 
|>t?<licelliin«"  (fig.  21.3)  lu-e  stalked,  prehensile  uppendogets  fmiii* 
wth  two,  three,  or  moi-e  raivly  four  jaws,   which  are  oontiiuwll; 
snapping  together.     They  are  esjiecially  collected  around  the 
of    tlie   Sea-urchin   and    on    the   dorsal    surface   of    the  Sur-fe 
SinixU    tninspai-ent    bodies,    »ph<eridia,    are    found    in    thtf   li' 
Sea-uivhinti,  and  probably  have  the  value  of  sense  organs.    In 
SpiUitngulcb,  knobbed  and  ciliated  bristles  (dav^ilc)  are  found  ii 

the    so-chIK' 
if       A  fntcidi*. 

Tlie   FMm 
dermiita  »r^ 
especially  cbi"! 
racterised  I 
the    |x 
of  the  Civil'i' 
\valer-v:i-< 
system  tiii 
the   ilist'!-   ' 
amliiilai'i'ii :  • 
connected  »ii' 
it     (ti(!S.    2l». 
215).     Thi' 
ainhulncnil''»^ 
cuhir    syjteB 
consists    nf   • 
circular    v»*« 
su  rronndiiif! 
the  ocsoj)li»!ri>». 
and    of    6'' 
radial  ^W' 

projecting  into  the  rays.     These  vessels  have  ciliated  internal  *«1'-'' 
and  amtiiiii  a  wuteiy  fluid.     Very  frefjuently  a  number  of  vrsid*- 
the  Polinu  vesicles,  are  connected  with   the  ciirular  vessiJ,  aI**j 
number  of  ixceniose  apiieudiiges,  the  signiflcnnce  of  which  i»  i 
fully  undei-sttKxI.     In  connection  wth   the  ciiviilar  vessel  tlief 
also  a  stone  canal  (in  rare  cases  more  than  one  ai-e  present),  »hid 
|)ermit«  of  communication   between  the  sea   water  and   the  B" 
contents  of   the  water  vascular  svstem.    This  canal,  wliioL  i» 


Flo.  ZI4.— Dingram  exhihlline  Ibe  rclaiions  of  the  ilitfcrent  fi.vi!t«n« 
of  ijrtrMU  in  an  Ediittitt  (after  Huxley).  O,  rouutlt  -,  A,  anu»  -,  Z, 
teotb  ;  i,  lii* ;  A»r,  iiuHl'»1b>  of  the  shell ;  rv.  reirnolor  nnil  pro- 
inetor  muscleit  of  Uiit«ru  ;  Rff,  circulnr  nmbulacnl  viWAel  :  P<i, 
pulian  vesicle ;  ft,  nulisl  vegjiel  of  the  same,  with  siile  l»mnehe« 
In  the  mnbiilncml  feel  l.imj :  Sr,  atone  aanal ;  it,  madreponr 
])]ate;  St,  wijiiio;  Pf,  j>c(lieDUariir. 
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|ttO«ii  (in  account   of   the  ailc«fe<iiis   depa*its   in   its   walls,  either 

lliu^  "itliin   the    Ixjdy   Ct-ivity. 

I  trlience  it  takw  up  fluid  thi-ough 

ItJif  por«  in  its  walls  {/lololJin- 

[»«»»l,  or  end*'  in  a  porous  calca- 

tlKno  plate,  the  ma«lreporic  plate. 

I*iiirb  i»  in.«erted  in  the  external 

Itormrig  of  the  body,  and  through 

|fiie|»i'^  of  which  the  sea  water 

into  the  Inmen  of  the 

pyxtem.      The   position   of 

I  nudpeporic  plat*-  i-aiies  con- 

iWy.     In  the  Ch/peagtridea 

\  '*  St  the  apicitl  pole :   in  the 

aridfa  and  Sjmtanffulfa  it  is 

ndial,  and  faljis  in  the  an- 

'  right  int'Crmdias  near  the 

t ;  in  the  AsterideH  it  is  also 

lial   and    dorsal  ;    in   the 

yaJidti'  and  the  Opkiurid<r  it 

on  one  of   the   five   buccal 

/■•tw.    Some  Echinoderms,  e.g., 

of  OphidtJiatrr  and  Echi- 

tc/n'nilt«,    poteens-   several 

canals     and     madreporic 

^_Od  the  lateral  branches  of  the  five  or  more  radial  trunks  are  found 
^H  the  appendages  known  as  the 

m     CL— •'^"^"^ — N.— .^  amtmlacrtd    fe.ct     (fig.     216). 

These  are  extensilsle  tuljes  or 
sacs,  which  pass  through  pores 
and  openings  in  the  dermal 
skeleton  and  project  on  the 
stirface  of  the  body.  They 
are  cipable  of  lH:'ing  swollen 
out,  and  aw;  fretjuently  pi-o- 
vided  with  a  sucking  disc  at 
then-  free  extremity.  Con- 
tractile ampulla'  are  placed  at 
the  point  of  junction  of  the 
radial  vessel ; 


Flo.  2in.  —  Diaj^raouttjc  representAtino  of 
the  water-vftHcalar  nystcm  of  it  Stnr.fish. 
.ffr,  Circulnr  vesael ;  J|».  ampullfporPulian 
votticleft  ;  Ste,  stono  canal ;  3/.  ma/lreporic 
pUto ;  P,  lunbnliicnil  feet  ronnected  with 
the  eiilo  twi(t»  of  the  nulial  ciiTinl* ;  Af', 
the  ampullie  of  the  mvmc. 


^  lU.— Dilgrftnunalic  •ecUon  tliroiiRh  one  of 

•tnu  of  jUI,Ta€a*atoii  (iLftcr  W.  Liuiire). 

'^^VvTow  qnuo  :    P.  umlialacralfevt ;  A, 

*'''*<■«■  pMUlow  of  iDtcgniiwnt ;  T,  ilermul 


•f*  fe«  with  the  side  branch  of  the 


ney  : 
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fluid  into  the  feet  and  caufle  them  to  swell,  and  henw  to  ftvjA 
A  numlier  of  feet  so  distended  affix  themselves  by  means  o(  tl* 
sucking  diHCK ;    they  then   contract  and    draw  the  body  slowij « 
the  direction  of  the  rndiL     The  number  and  distribation  of  tte  I 
appeoduges    are   subject    to    numerous    modifications.    SoneUMl 


Fio.  117.— 8e«-urctalii  divided  KlonK  the  •qmUoriiU  Una  (ftller  Tiedemauu).    D,  DUaW] 
odbI  fixed  to  the  ebell  by  meiieiitery ;  O,  geueraiive  organ* ;  J,  tDtcr-ndlll  pkM' 

they  are  arranged  in  i-ows  along  the  whole  length  of  the  meriiii* 
fi-om  the  onil  region   to  the  pcriproct  (CUlartdea  and  PiiUXliV 
Sometimes  they  are   scattered  irregularly  over  the  whole 
of  the  body,  or  only  over  the  foot-like  ventral  surface,  as  is  < 


Fio.  ilH.— LuDKitudinal  iicctioa  through  the  arm  sod  dieo  of  Stlanlrr  tmUn  (w 
altered  after  O.  C).  8urA),  0,  mouth  Icadintc  ioto  the  wide  Btomikoh  ;  A,  mtnw,  A" 
hepatic  divorticulam  of  the  ntomacb  ;  O,  ircnital  orgiuui ;  JU,  nMdraporio  plate;  At 
mdial  diverticulum  of  the  rectum  ;  J/,  ambulacral  feel 


Ilololhnritina.     In  t>onie  cases  they  are  confined  to  the  oral  surful 
as  in  all  the  Aateroidea.     We  are  able  therefore  to  distinguitk  < 
auibuliu'Dil  and  an  untamltulacifd  zone — the  first  coinciding  with  I 
oiul  and  ventiiil  surfjices,  the  latter  with  the  dorHil  surfnco.     Ke«l 
thele«8  the  ambuhtciul  feet  are  variouKly  constnictcid,  and  do  not  i 


IVBrLACBAL   XPPKXDA0£8.      ALIilENTAUY    CANAL. 


275 


»|]  «i»*  .serve  for  locomotion.     In  addition  to  the  Kmbulacnil  feet, 

fmi  tentMlp-like  tubes  may  1)e  present  as  ajipendapes  of  the  wiiter- 

nwnl«r  sysieta  ;  the  circle  of  tentacles  i-ound  the  niimth  of  J/o/o- 

liuriimt  (Sp.  209)  is  oonipo.sed  of  such  »ppendaj,'es.     Wo  ivlso  find 

letf-like  u]>()enda^eH 

unn^     over      four 

or  (ire-Ietved   rosette- 

>la|iFd  ureas,  forming 

tlieAniliiilaaul  plls  of 

tw  SpatarujitUa    and 

^typenttridta  (fi(?s. 

%  wd    208).     The 

fn^nkr     Seu-urchius 

[  «n  |x«e«8  in  iidditioii 

unbiiiacnJ    feet    upon 

I  iW   veutnil     surface. 

[The*  are  in  the  C/i/- 

l/ifiii(n</««  almost   mi- 

ffnwpic  in  size  ;  they 

llrt    TPry     numerous, 

l«nd  «re   ammged    in 

liniidied  i-ows  or  are 

li'Tienl.irly  disirihuted 

1*^  the  (turf ace. 

The  EdnnoflernuUa 
an  nliiuentary 
distinct  from 
body  cavity ;  it 
be  divided  into 
pnrts — <es<}pha- 
itomach,  and 
The  anus  is 
aMmlly  at  the 
niw  of  the  apical 
"^  mrely  in  an  inter- 
"linK  on  the  ventral 
«''••  The  intestine 
1*7,  however,  end 
wadly,  A«  for  example 

the   Ofiht'uridre   and   Evr;/alUI^,  also   in    the   genera  Anttro- 
Clejuttliscuf,  and  Liddia,  which   hiive  no  anus.     The  mouth 


Kio.  110.— Uiil<jtk»Tui  <u//n'(»u.  opcne<l  longinilinRlly  (after 
M.  Rdmirfts).  O,  Month  in  the  miilst  of  the  tcninclca 
(T)  ;  D.  (liircniTO  caiini ;  Sr,  »U)ne  cuui] :  P.  ri.llon 
vtvjicle ;  By,  circular  vowel  of  the  n  lUer-viucnljir  ityatein  : 
Or,  ijvsries ;  Af,  MuljiilncTnl  Teniicl ;  M,  lODKitudinal 
moBCles;  <;/,  veftHel  t<i  Iho  intcHtiiio  ;  Ct,  olouca;  If7, 
re«pir«t<jry  trcog. 
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is  often  siurounded  by  projecting  skeletal  pbtteis  anneJ  ^ 
spicnieB.  Theie  may  e%en  be  developed,  as  in  the  Cvlaridm  d 
Clyptattrulwi,  {loiuteil  teeth  covered  with  enamel,  oonstilutmf » 
powerful  masticHtory  appamtufi,  which  again  is  ^uplxl^te<l  iirou>l 
the  cesophugus  by  a  system  of  pUites  and  rode.  This  uppawto  it 
known  as  AristotleV  LAUtem  (tig.  214).  In  the  lI\AothiimM,m\ 
the  other  hiind,  there  is  a  calcareous  ring  round  the  u*^>llhagu^  u 
is  formed  of  ten  pieces,  and  serves  for  the  HttHchmeut  of  iLc  limp- 
tudinid  bundles  of  the  dermal  mvisoles. 

In  the  Star-fishes  the  digestive  canal  is  invariably  short,  tsic-lib. 
and  beset  with  branched  blind  appendages,  some  of  which  liein'w 
disc,  while  some  pix)ject  a  long  way  int*i  the  arms.     In  the  l^tsvM  I 
we  find  five  pairs  of  strongly  developed  multilolied  diverticul*  « 
the  middle  division  of  the  alimentary'  canal   (fig.  218).    Ttwi^j 
diverticula  of   the   short  rectum    which  fall   in  the   inte 
much  shorter,  and  jierhaps  perform  the  function  of  kidne_v^^ 
the  longer  diverticula  inci'ease  the  digesting  surface.     In  the  "U"*  I 
Ei-binoderms  the  narrow  intestine  is  much  increased  in  lengtJi,  im| 
is  either,  as  in  Comalnln,  coiled  round  a  spindle  in  the  asii>  o'  *l 
disc,  or,  as  in  the  Sea-urchins,  describes  some  convolutions  (fig.  *^'\\ 
and  is  attached  to   the  inner  surface  of  the   shell   by  fihree  •»' 
membranes.      In  the  J/ohlhurians  also  the  intestine  is,  as  a  rnbi 
much  longer  than  the  body,  and  is  u.suidly  folded  upon  itself  ik"* 
times  and  attached  by  asoi-t  of  mesentery  (tig.  219). 

The  true  vascular  system  is  very  di^cult  to  trace.  It  consist*  <* 
most  Echinoderms  of  a  ring-like  va.'^cular  plejius  surmimJing  t™ 
CESophagus.  From  this  circuLir  vessel  i-adial  vessels  pass  off  oue  '•'' 
each  ray,  and  these  trunks  again  give  oft'  other  branches.  Thi'ir  i> 
in  addition  on  the  dorsal  surface  a  second  circuLu-  ves.-!«l,  whicli  a*"* 
oft"  branches  to  the  stomach  and  generative  organs.  Tb«*<*  '• 
vascular  rings  are  connected  by  a  supposed  heai-t,  which,  u«»rili<i| 
to  Ludwig,  consists  of  a  close  plexus  of  contractile  vessels.  In 
Holothiirians,  lie-Hides  the  vascular  ring  round  the  Oisophagns,  < 
two  trunks  with  their  branchet*  to  the  intestine  are  known, 
blood  is  a  cletu-,  slightly  coloured  fluid,  in  which  numerous  oolo 
blood  coi-piisclejii  ai-e  susjH?nded. 

Special  organs  of  respiration  are  by  no  means  universally  fou 
Tlip  entii-e  surface  of  the  external  appendages,  as  well  «s  the  i 
of  the  organs  suspended  in   tlie  body  cavity,  and  especially  of  < 
intestine,  appear  to  play  a  pai-t  in  the  exchange  of  the  gimw  of  I 
blootl.    ITie  sea-water  very  likely  enters  by  the  pores  in  the 
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pone  pl»t»  into  the  body  cavity,  and  is  kept  in  active  movement  by 

tJii  dJis  which  line  the  body  cavity  and  the  perihiemivl  canals ;  in 

tiiit  irav  the  sarface  of  the  intemid  organs  is  continually  bathed  by 

nitr.  Tho  leaf -like  and  pinnate  ambulacral  appendages  (ambuiaeral 

•'■•alw)  of  the  irregular  Sea-urchins  are  regarded  as  special  organs 

I  of  n^iinitioD,  as  aL<o  are  the  oixvil  tubes  (dermal  branehiie),  which 

I  pioJKt  from    the    surface    of    the 

iiit«gaiiieDt  and  communicate  with 

to  body  cavity    in    some    regular 

ftMichins  and   in   the  Aatrridta. 

IW  dermal     branchiK    are    di»- 

trib«t«l  in  the  AgUridea  over  the 

•Wf  dorsal  surface  as  simple  tubes, 

i<Bi  in  the   Echini  they  surround 

nwuth  us  live  pairs  of  branched 

id*.   Lastly  there  are  the  so-called 

i««|iiintorj-   trees   of    Holothiiriang  ; 

•Ware  two  l»rge  tl-ee-like  branched 

**lw  which  ofieii  by  a  common  stein 

""to  the  cloaca.     The  water  which  is 

Ukm  into  these  organs  can  be  again 

«j«ct«d  with  great  force  (tig.  21 U). 

Ot  nerroiia   gystem    (fig.  220)   consists  of  five   principal   nerves 

g  down  the  five  ray.s.     Tliese  nerves  in  the  Ant'-r'uha  lie  irame- 

*»l<l_v  beneath  the  epidermis  of  the  ambuliu;ral  groove,  eorternal  to 

""  lailial   blood  vessel  and  wiiter  v«,sciiliir  trunk  :    they  ^'cml  off 

numerou.s  fibres  to  the  nmbulacnil    feet, 

I       J^^^^^^^^  ^''^  muscles  of  the  spines,  pedicelkria?,  etc. 

yi^P^^^^^H^^k        These   ectodennttl    bnn<ls   mny  bn    liwked 

^^I^^^^^^^^A  J'      upon  as  the  centiiil  piii-t'  of   the  nervous 

^^K^^^^^^^^      system  ("amlmlacral  hralna"  of  J.  Miiller). 

^^^^9^^^^/i.        Near  the  moutli  they  divide  into  two  parts, 

^^^BB^^  which  unite  with  coiTesponding  •brunches 

from  the  other  radial   tnmk.«i  to  form  a 

nervou.H  ring  containing  ganglion  cells. 

ITie  tentjicle-like  iiiiihiilucnil  feet  which 
in    the    Asle.rifka    and    Ophmridtu     lire 

Event    in  simple  luimlxfr  at  the  end  of   the  arms  are  suppo»ed 
hmr«!   the  value   of    tairtile  organs.     The   same   significance    has 
n    Bftrihutetl  \n   the   tentacles   of    the    Holotluirids   and    to  the 
taDcil  likfi  tactile  feet  of  the  ,Spalungid<K.     Organs  resemblinir  eyes 


Fin.  tlO.— DlMram  or  the  nermaa  ay*- 
Icm  if  •  Bt«r-a«b .  .V,  The  nerve  riiiR 
connootiDjf  tbo  tl%-e  fuuhulacrftl  coo- 
tre>. 


^1*  BS  —  AMfref*eUn  dKKiM- 
Am««.  end  ttf  T*y  wtili  Ibe  eye 
(Orl  Himtniulal  by  epleulee 
faftn  E  Heecktl). 
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Imve  been  found  in  the  Ecfiiuoi'dea  and  Aateridea.     In  Uie  fmi 
(Ciiluridn^)  there  are,  on  special  plates  {ocu/ar  jjates),  at  the  n' 
pole,  five  tent»K'!e-like  pi-ouiinenoe.-.,  in  each  of  which  u  neiTi' 
The  eyes  of  the  Asterideu  ni-e  most  accurately  known.     Accopii: . 
Ehi-enberg's  diwovei-y,  they  have  the  form  of  red  pigment  spoi- 
lie  on  the  ventrnl  side  of  the  iiiys  at  the  distal  ejid  of  the  amln:'  • 
groove.     They   are    spherical   pedunctilatetl   pitaminences,  bdiI 
convex  surface  is  covere<l  I»y  a   wmple   membrane,   which  hil' 
number  of  cunic»l  simple  eyes  (tig.  221 ).     The  simple  eyet-  ap]* 
have  their  axes  directed  towards  a  common  point.     They  rach >«i 
sist  of  a  red  mass  of  pigment  surrounding  a  refractive  body,  wni » 

nervous  uppanitui). 

Reproduction  w  nuiii:  * 
sejcual,  and  neparnti'  -^  ■ 
are  the  rule.    Otil; 
napta    and    Amyhi*" 
iii-e  hermaphiTidit*.    "^ 
oi-gans    of    rcproductiw 
of  the  two  t>exe«  hit  «■ 
tivmely  alike,  «•  ilint  if 
it  were  not  that  the  colour 
of  the  generiktive  prnJurt* 
is  diffeivnt,   -the  WBiuai 
duid  tK  mot^tly  whitr  uvl 
the  o\Ti  re<l  or  yellow,- 
A  microscopicid  pxniniD* 
tion   of   the   conUmb  <i 
the     generative     gii«&^ 
would  Im?  the  only  means  of  diistinguislung  Itetween  them.     .Sesn*) 
diffei-ences  of  the  external  fonn  or  of  definite  parts  of  the  l)Oiiy 
only  very  rarely  present,  since  as  there  is  no  coiuUation  the  smi 
functions  are  usually  confined  to  the  secretion  and  preparation  of 
geneiiitive  material.     Ova  and  spennatoxoa,  with  some  rare 
tions,  first  come  in  contact  in   the  sea  water  out*iile  tin-  body  ti 
motlier.     Internal  fertilization,  which  is  veiy  rare,  occurs  in  wverJ 
\-ivi|»i.rous  species  of  AmjJilnfa  and  Pfii/llop/iorm.     The  nnmborsnd 
position  of  the  generative  organs  are  genei-ally  in  strict  eorret^pondnm 
with  the  radial  structure ;  nevertheless  thei-e  are  nnraerouii 
tions  to  this.     In  the  i-egular  EchhioSiten,  five-lobed  ovariee  or 
wliich  are  coiupojied  of  branched  blind  tiilws,  lie  in  the  iuterniilii 
the  internal  suvfiuje  of  the  dorsal  jMUt  of  the  shell  (tig.  222) 


Fig.  la.— Genlui  nrintDk  nf  ScMax.  A4,  Rcctiuu  :  O, 
genital  gUud*  Ijing  on  the  intommbulkentl  pliKw ;  a. 
rowv  of  amptUInt, 
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^M   (hetiof  theae  gUndstire  five  in  nutnl>er,  aud  open  to  the  exterior 

^B    tinw^L  fire  openings  in  tlie  .>keletal  plntes  (geoitHl  plates)  around 

^1  tiwtpiml  pole  (tigs.   '2W,   222).     In  the  irregular  Spntd-ntjidtt  the 

^p  gsnentive  organ  of  the  posterior  iuterradiuH  is  always  alisent,  and 

'      tb»  oiimb«ir  of  glands  may  lie  three  or  two.     In  the  Aster'ulen  the 

fipf  piips  of  genital  glamls  have  the  same  interradial  arrangement : 

wmetimeB  however,  they  projet-t  into  the  arms :  the  apertures  for 

the  exit  of  the    genemtive  products  lie  on  the  dort^al  side,  and  in 

••di  inUfmulius  two  places  may  be  found,  each  of  which  is  piei'ced  in 

•  aete-like  manner  by  a  number  of  such  openings  (tig.  223).     In  the 

Ojkmnilir  t«u   loljed   generative  glands  coin|Kjsed   of  a   number   of 

Wad  tulies  are  develope*!  around  the  stomach  ;  their  jn-oducts  piss 

thnu^b  special    passages    into    pouches,    and    from  thence  to    the 

cxt«ior  through  paired  slits  on  the  ventral  side  between  the  arms. 

Th»  g«in«mtive  glanfls  of  the  Crinmdea 

•re  ouncealed  in  the  arms  and  pinnuleti. 

In  (Jie   HiJolJiurtuiu,    the    genemtive 

ocpw*  Mfe   reduce<l    to    one    bmnched 

lliud,  tlie  duct  of  which  opens  to  the 

«**«ri(ir  not  far  from  the  anterior  pole 

•rf  the  body  on  the  dorsal  side  (fig.  21!»). 

Ti» dfrtlopmatt  of  the  Kcliinodnniwta 

f«wnt*  OS  a  rule  a  complicated   meta- 

"•••Tiliosi*,  and  i«  chara*.^t«rise<l  by  the 

P^WJWOn    of     biLiterul     larval     stages.    Fio.  ais.— p«rtnf  thcinUT-radiasof 

^v  HoloO,uriH7i»  ore  developed  with-      "  ''"'■^!-  <*"'*':^';'  "It'^l^l 

r  cratlTt.' Kl<tnil«  ^C)  noil  the  frrou|>6 

"^it  pwiring  through  these  larval  stages,      of  i>..r«i  (nicvc  pl»i«»)  on  the  Jor- 
•*    •Uo    »re     certain     Sen-uix-hina,    as 
■^"'jciafiua,  f/emiatUr,  and   some  A»le- 

'^"^  which  are  either  vivij>arou8  {Ainpfiium  mpiftmata)  or  lay  only 
■  «ii«ll  number  of  eggw,  and  protect  them  during  their  development 
*  •  liiixxl  pouch.  In  theoe  cases  also  the  tirst  stiige  is  a  ciliated 
"•"kiyo,  which  ih  either  developed  directly  or  passes  through  a  much 
^ttplifiM  metAmorphosis. 

>nthi>ot«es  of  a  complicated  metamorphosiii,  the  ovum,  after  under- 
^'wij;  t  nearly  equal  segmentatiim,  gives  rise  to  a  spherical  embryo, 
'  ■■  "  "  '  r  wall  of  which  Ls  ciliated  and  encloses  a  centtiil  gelatinous 
tig.  lO.*}).     A  pitlike  depression  of  the  cellular  wall  gives 
■      "It  to  the  tirst  rudiment  of  the  alimentary  canal,  and  the  opening 
^     "' ' ''i"  di'prewion  (giustniln  mouth)  to  the  anus.    The  cili.ited  pmbi-yo 
.1,-s  elongated  and  gradually  takes  the  form  of  a  long,  oval,  more 


«ol  skin  (HRcr  J.  Milllcr  iinil  Tros- 
chul). 


iso 
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or  less  peai'-shnped  larva,  iu  which  ii  slightly  ftrcht^i  liunail,  !».• 
symnietriciil  liiteml,  and  a  saddle-ahajiwl  venind  hurdux  can  W  ^ 
tinguished.  The  cilia  which  are  concentrated  upou  the  ntieed  *if 
of  the  ventral  dejn'es^ion  give  rise  to  a  coutiimouh  riliaU*!  hoi 
which  serves  lus  a  locomotive  aiipuiiitus.  [This  band  tiri<t  uppianu  I 
two  separate  ciliated  ridges  placed  transversely,  one  in  front  of,  ttl 
the  other  behind  the  mouth  (fig.  224,  3).  The>se  soon  becomtc* 
nected  lateraJly.]  The  aliiuenUu-y  ciiuiil,  which  ha.s  now  aoquir«iia 
anterior  opening,  the  mouth,  consists  of  three  portions, — ib^  it*  I 
phagiiK,  the  stomach,  and  the  intestine.  The  wide  mouth  l<*li«J 
into  the  rpsophtigiiR  is  situtited  within  the  band  of  dlia  uu  tta 
venti-nl  surface;  the  anus  is  also  ventnil,  but  external  to  thee 
tiand  in   the  region  of  the  pasterior  pole.     Before  the  npjK 


FlO.    33i. — t*ttr\'al  development  nf  .MfraraHthiom  ibrryluima  (lifter  A.   AgBlut)  (for  i 
•ta^M  teo  ntf.  103).    1,  stjigr  whrrf  The  montli  (0)  bnn  ju>t  wppmntt,  rrprvrntlM*! 
profile;  .d,  bliulnporo  (hjuib)  .  I'y,  vtufa-i^tnUtnaii  9me.    3.  Somewfaal  o 

«tii(co  in  Durrncc  ric-w  with  t»  ML^u-pcntoneiil  aws.    3,  Lauir  MMge,  tra>  H 

vcDtnil  aide,  with  two  uiinsiur-i   ..nMi..i  rii||ice«  IW):  the  nc  on  Oie  left  Mil 
ntcretoty  pore,     t,  Yonn^  BipluuariH  wltli  double  band  oTcilU  (irj. 

of  the  mouth,  another  organ  is  separated  from  the  alimentary  otuil: 
this  i.s  a  sac-like  ciliated  tulie,  which  opens  to  the  exterior  by  a  \*>^ 
on  the  dorsal  sui-face,  and  represents  the  tiit*t  commeiicewent  "f  tl" 
ambulacral  system.  A  second  organ,  which  also  has  its  origin  fmu 
the  rudimentary  digestive  canal,  consists  of  \]xr  disc>hap««l  liMtii 
sacs  (tig.  224),  from  the  walls  of  which  the  [M'ritoueal  lining  nf  li* 
body  cavity  is  pi-oduced. 

With  their  progres.<iive  <levelopment  the  larvas  of  the  .sVii-urtAw 
the  Stiirfijih,  and  the  /folot/iuriaii  diverge  more  anrl  more  widely  fnl 
one  another.  The  rai.sed  eilge  of  the  tlepi-ession  just  mentioned,  wt<l 
band  of  cilin,  tjecomes  IxMit  and  prtdongetl   into    processes  (fi 
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31'')  of  diflferent  form.     Tliese  procer-.sws  ftre  arranged  with  a  strict 

rejjml  to  bilateral  symmetry,  and  their  number,  position,  and  size 

eantikllr  determine  the  spiwial   shajw  of  the  body.     An  anterior 

udiposterior  ventral  region  of  the  bind  of  cilia  can  J>e  distinguished 

6»ai  the  lateral  parts  which  form  the  dorsal  portions ;  the  latter  curve 

iwnd  and  pas*  into  the  former  at  the  anterior  and  posterior  ends  of 

tic  body  (tig.  225,  h).     The  dnrso-latei-al  parts  mny,  however,  unite 

ttteciurly  with  one  another  without  passing  into  the  anterior  ventral 

Und:  iu  this  ca«e   the  anterior  continuations  of  the   latter   pass 

dirwdy  into  one  another  so  a«  to  form  an  independent  prjeoral  ring, 

»liili)thp  drirst  (-lateral  and  posterior  venti-al  portions  of  the  origin - 

lUr  continuous  band  form  a  long^tudimilly  dii-ected  post-oi-al  ring. 

Thi»  »rnuigeineut   is   characteristic  of  the   larvte  of  the  Asteritka 

iBij'innaria, 

indiiolariu). 

h  itU  other 

(ornis  a  angle 

Iwgitadiual 

'■od  of  cilia 

""iy  »   pre- 

•wt.   In  the 

l»n»of  IIolo- 

tliuriiinK,   the 

(%-325),  the 
f»*m  re- 
*m  short 
"'•'f I;  they. 
'■'  iimml  on 
'"*   dorso- 

■'*'*l  Bilges  and  on  the  jxtsterior  dorso- ventral  ai'ch  of  the  band 
•■  cilu;  tliey  also  appear  on  the  posterior  ventral  (umbreUii)  and 
^'  Miterior  ventml  (oral  shield)  parts  of  the  band.  The  processes 
*'■*  «  Mmilar  ilJKjKjKition  in  Jiijnnnuriu,  where,  however,  they 
"*  nftai  much  longer,  but  are  in  this  case  also  not  pro-v-ided 
*"'' o»kttr«otis  rods.  Tl>e  Brachiuhiriti  are  distinguished  from  the 
"piimaria  by  the  p(j5s«e8sion  of  three  anterior  arms,  which  are  placed 
^*wii  the  jiiilerior  ix>rt,ions  of  the  two  rings  of  cilia,  and  serve  as  a 
"JJnfrajiparatuK.  Tlie  bilateral  larva;  of  the  OpftiuriiU  and  Sea-Crchins, 
llif  nxallei}  PliUrur  forms,  are  distinguished  by  their  large  rod- 
•Ixipwi  processes,  which  are  supported  by  a  system  of  cnl(!ureouB  rods. 


Tib.  tti—AMrtemlnria  \aTrm Mtar  J .  Uiiller).  a,  frnin  the  donuil  side; 
&,  frrmi  tbt*  reutrmt  Bttle.  0,  month  tienoiith  the  «rul  shield  ;  0<-,  (esi> 
filiajnu  ;  M,  stuuiiich  :  D,  intestine  with  amu  {J) ;  P.  peritoneal  sac; 
y,  Wnter-TaKnlar  rmetta  with  jwre ;  R,  ealeanoDa  wheel-lilce  bodies. 
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Tlic  PluttfU  l&rvK  of  the  Opiiiuridt  postsess  long  kteral  arau 

the  anterior  d« 
veutral  arch  of  1 
Ijund,  on  the  da 
liiteml  edge,  and 
the  edge  of  the  | 
torior  vpntnd  hi 
Tlie  Pluteuij^  Um 
the  Sea-urchin  hk 
lat«i-al  unuB,  bnt 
cesses  ore  devtic 
on  the  edge  of 
anterior  ventral  I 
(tig.  226).  Theh 
of  the  SjKUartgii» 
cl)ar«cterised  by 
unpaired  apical 
and  thi>*  of  Ei^ 
and  EchijuKviitfi 
t  he  presfijceof  •'ill 
t<pnulntti!s  (fi^'  '-• 
Thi-    tmnsformation   of  the   latemlly  symuietrirjil  Inrvii  wUL 

bilat«ral  pi'ocessers  and  com- 

plicntetl  or};iini/.(ition  into  the 

Ijody  of    the    tulult   Echino- 

dei-m    is    not    in    all    cases 

effected  in  the  same  manner. 

In  the  Soi-urchini*  and  Stai- 

ti.she»   the  young  animal    is 

deveIoj>ed     l»y    a    process   of 

new    foiTnation    within    the 

Ixxly     of     the     larva,     the 

stomach,  intet<tiue,aud  dorsal 

eae  ttlone  persisting ;   while 

the    tmnsfoniiution    of    the 

Auriciilaria     into     Hynopta 

takes  place  withont  the  loss 

of  so  many  parts  of  thf  l.-irvd. 

the  young  passing  thiimyh  n 

pupa-like  inlenn«liate  sta^.    '"»„*'"--""'r';.'*"7il' f'*/*" ''" 

In    th<'    lirst  eax?  a   ma&^  of       from  the  >mlntl sidii.    O,  Mouth,  .1,1 


9n,  Wi— P'v'xu  nf  ■  SpnlungH,  with  »o-clllcd  tplMl  roil 
(HfJ  (after  J.  Mailer). 


METAMOBPH08I8. 


istaAititil  tixMie  tille<l  with  ronud  cells  is  foiined  external  to 
iJie  Utenl  discs,  and  with  participation  of  the  thickening  skin. 
Tiit  tixsiip  liBComes  the  B«»t  of  oilciireous  deposits,  iiiifl  forms 
the  dfmuil  ^eleton  of  the  adult  Echinoderm  {tig.  228  a,  b). 
The  canrj  of  the  doi'sal  pore  has  iu  the  meiintime  chnnged  its 
snipje  form  and  deveK>pe<l  into  the  circular  vessel  with  diverti- 
wU,  which  are  destined  to  become  the  anibnliu?ral  ti-unks.  As 
<i««lopiiieut  pi-ogresseR,  the  young  animal  appears  as  a  more  or  less 
•phiricsl  or  pentagonal  Ixxly,  or  as  a  stiir  with  short  arms,  in  propor- 


fonninj;  a  itnirc  in  the  dorclopmcnt  r)f  Uic  Star-fish 
et«^.  Jf,  stomnch  ;  A,  aniix;  r,  iunl)Ulacrat  nts«tt« 
(loraa!  pore ;  8,  fitone  cnnut.     A,  Oltlvr  iitiigc. 


►it  predominates  over  the  larva.     Finally,  after  the  spi-outing 
t«l  ih(.  lunbitlacral  feet,  the  young  Echimxlerra  becomes  separated 
^  the  Un'iij  body,  which  not  unfrc^pn'iitly  i-enuiins  attached  to 
lonner.  like  the  i-emnant*  of  a  bi-oken-down  fmmework.     The 
whicli    i»   tjiken   into   the   interior   of  the    IkxIv   of   the 
Wna,  is  torn  from  the  ousophagns  of  the  laiTa  (/ifpitninria), 
'  ™««iaire«  a  new  (Bsophagiis  and  mouth.     The  dorsal  pore  liei'omes 
lh«  pore  of  the  madreporic  plate. 

'^1'  '•'        •''''.  on  tlie  contrarj',  ai-e  foi-med  by  the  tninsforrantion 
tifli* r.  cX  \h«  Ayricularia.     Five  tentacles ajipear  in  front 
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of  tlie  stomach  and  the  circular  vessel,  which  is  foiineJ  from  tit 

dorsal  tube.     They  are  at  lirst  enclosed  in  a  cavity,  from  which  Iwi 

on  they  penetrate  to  tJie  exMW  I 
The  laj'va  ivtntcts  its  Intenl  W« 
and  tninsforms  it^lf  into  a  l«n«l- 
shaped   hody   with    live  tniisnM 
rows  t)f  cilia,  and  loses  flic  nwntl 
and    doi-siil    pore    (tig.   221* )•  1^ 
auibuliici'al    system    gredunllv  it 
velnps    fiu-ther,    the    inteirtint  ^ 
cimies  longer,  the  first  live  Mtaeb 
break  through  to  the  extiirior,  tb 
mouth  ap]>ears  at  the  anteriur  pofe. 
and  the  tirxt  suctorial  foot  wiih  it» 
ainbulacnil    vessel    ii»  seen  on  ti* 
ventral    surfac-e    (tig.    2'""     '^' 
animal  gradually  loses  tl^ 
cilia,  and  as  a   young  IJutoilmtit* 
creeps  about  by  meaius  of  it»  wi- 
taclcs  and  of   the  first  »uibuUo«] 
f(H>t.  which   is   Kion   followwl  I7 ' 
second  new  one. 

In  the  more  direct  developmenl 

the  bikteral  larval  form  seems  to  be  complftely  suppressed,  nnii  ll" 

time  of  frw-swimming  life  shortened  or  altogether  dispensed  with 

In   these   cases,  protective 

an-angements,  such  as  brood  * 

pouches,  are  always  present 

in  the  mother.     The  brood 

poucli  of  Ptenuter  intlitarls 

is  the   most  cai-efuUy   pro- 

t€ct'ed.     It   lies  alwve  the 

anus  and  generative  open- 
ings ;  its  walls  are  highly 

chai-ged     with     ciil«>reous 

matter,  and  they  ai-e  mised 

above  the  spicules  on  the 

Imck.   Fi-om  eiglit  to  twenty 

Dva  (1  mm.  in  diiuiictei-)  pass  into  the  interior  of  the  broo<l  pouc 

and  are  there  developed  into  oval  embrros,  which   acquire  «efvq 

sucking  feet,  and  assume  later  the  form  of  r  star  with  fiv«  i»y 


Fio.  SSO.— Aaiioul&riu  ptipn  nf  Syitaptit 
■ean  in  proSIc  (itftcr  E.  MeU<:hnikaiT). 
The  mouth  U  already  birgc,  no  Uiat 
the  tentnolee  (r)  can  be  prutrnded. 
Wr,  Risig  of  cilia;  fr,  I'i,  soinAtic 
and  vlaoeral  layers  of  the  ]i«rltuucal 
flAoa ;  Oi,  auditory  resiolc ;  Pi\  pore 
of  tlie  water-vaftciUur  ayatemi  J2,  cai* 
careutu  wheel-ahnped  body. 


Fia.  230.— Yoirn^  Holothurid   irith    ezuuM 
lacliM  (70,  •wlmmini!  aud    i:reepmg  (aAc  1 
Mailer). 


PBOTKCTED  BEVELOPMEST. 

»   formation   of   the  euilji-yo   takes   place  thus :    four   shiold-like- 
ekt^niof^  iire  formed  upon  one  segment  of  the  ovnim,  liiitl  beueiith 
B  several  ambulitcnU  feet  make  their  appearance.     The  star  ^ 
wloped  by  the  ineivase  in  size  and  number  of  these  discs  and 
kbiilncml  feet.     At  thij<  period  of  development  we  ciin  distiujcuisl' 
drcalur  Hmbnliici-a)  vessel  surrounding  a  central  hemii^pht•ril■^^t 
;tiou  of  the  oral  disc,  idso  the  live  viuscidar  trutjks  mid  ^^ — 3 
of  sucking  feet  in  esich  ray.     In  other  cases,  tlie  iircxKl  jiouch 
ed  upon  the  ventral  surface  of  the  Star-tiKh,  e.g.,  Ediintister 
it,  and  the   embryo,  which  is  completely  ciliated,  is   provided 
ke  anterior  end  with  a  knobbed  pnx-ess.     The  latter  is  di\ided 
sevei-al    structiu-es  (Haftziipfchen),   which  serve   as   organs  to 
eh  the  body  of   the  embryo  to  the  wall   of   the   bix)od  jwuch. 
ial  feet   are  now  formed  in  each    ray,  two  paired   and   one 
^paired,  the   latter   lying  nearest   to   the  angle  of    the   pentagon. 
live  angles   l>ecome   more   and    more   pr<)je<;ting,    and   acquire 
spots    and    ambulitcnil    gi<ooves.      Spiculeb    appear,    and    the 
ih  peif oration  is  formeil,   the  fixing  mgan  aborts,  and  the  em- 
escape   from  the  maternal    brood  pouch;    and    Iwing  at  this 
capable  of  creeping  and  of  nourishing  themselves  independently, 
giiwlually  develop  into  small   stai'-tislies.     The  mode  of  deve- 
lent  is  the  Siime  in  AateructtHl/iiaii.  .MiUlnrii,  and  some  Opliiurids, 
ipfUura  »quamata. 

ongst  the  Holothurids  (//.  tremulu)  the  simple  and  more  liii'ect 

lopment  was  first  obsei-ved  by  Danielssen  and  Koren,  and  later 

Wttlevski,  in  I'hyUupliorus  urna,  and  by  Selenka,  in  C u-cuiiiaria 

!uw».     In  the  first  case  the  embryo  leaves  the  egg  in  the  form  of 

.ted  larva,  which  soon  assumes  a  pear  shape,  and  develops  the 

PniLir  vessel  of  the  water-vasculai*  system,  and  five  tentacles  round 

feoiouth.      The  aUmeuta.r}'  canal  and  the  dermal  skeleton  make 

appearance  before  the  five  tentacles  have  assumed  the  function 

amotion  in  place  of  the  cilia  which  have  disapjtejire<l.     Latei'  on, 

the  progi-essive  growth,  the  tentacles  become  branched,  and  two 

feet  appear,  which  put  the  bilateral  symmetry  of  the  larva 

il  all  doubt.     In  all  cases,  oven  in  the  cases  of  a  more  direct 

opment,  /Ae  radial  si/mmetri/  of  ttiK  ii'liiU  Ec/iijwdena  apjiears  to 

',eiUd  by  n  bilateral  symmetry  of  tlie  larva. 

the  Echinmlerms  ai-e  inhabitants  of  the  sea  ;  they  are  caimble 

ow,  creeping  movement,  and  feed  on  marine  animals,  es|x?cially 

illueca,  but  also  on  Fuci  and  sea-weeds.     Some  are  found  near 

at  the  bottom  of  the  sea,  others   occur  at  oonsidemble 
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depths.     Many 


repliu-«  lost  parts,  Buch  tm  arm 
and  b'ense  organs. 


a  gflMt  reproductive  power,  and  a 

with  all  tlieir  apiinnitas  of  M 


CLASS   I.— CRINOIDEA.* 


I 


Globtdar  or  cup-shaped  EcJdnodtrmala  with  gegmentM 
nished  im'tfi  pinntUce.     They   are   tuwiUy  atUieJied  by  a  *ifSi 

ea-kareou*  tialk. 
akin  upon  tJtt  « 
»ide  it  promdd, 
plateg,  the  amlm 
appendages  hat 
form  of  tmUada 
are  situated  • 
auJjtUacrtd  fum 
tiui  calyx  and  ' 
teymented  artns. 
The  greater  n 
of  Crinoidea  u 
nicterised  by  ti 
sence  of  ii  seft 
strtlk  bearing 
This  stalk  arise 
the  apical  (dona 
of  the  ntly^  i 
attached  at  tf 
ferior  end  to  sur 
ing  objects  (fig, 
In  some  few 
genera,  oii  Ca 
(fig.  232)  and  , 
nuUra,  this  e( 
only  pre<;cnt  i 
yoimgform.  Tl 
with  the  contiiined  viscera  apjiears,  therefore,  as  the  cuItx 
upper  end  of  the  stalk,  and  only  in  exceptional   cases  is  i 

•  J.  S.  Miller,  "A  Nttturnl  Hicloryof  thcCrinoidcRor  Lily-gh«p«l  Al 
Bristol,  I82I.  J.  V.  nirjini>«on.  "  Sur  Ir  J'ciitncrinus  EuropiiMi*,  t 
jeuiiesK  (111  genre  C'omntula,"  L'iiislitut,  183').  .1.  Miillcr,  ••  IVV/r  < 
von  fent'icn'mis  i'n|>ut  Mf<lu.sn\"  Al/iaiiill.  ilrr  firrl.  Akatl.,  JK-Jl.  J. 
"  Uebcr  die  (iattuuK  l'(ini!itulii  imrl  ihre  Arton,"  Ah/ioiull.  di-r  Iterl, 
IM47,  Looji.  v.  Hiich,  "  Ucbci  Cystideen,"  Abhamll.  <Ur  JJrrl.  AiiH 
Furd.  Ri;iii«r,  "  MonograiiUic  Jer  fossilen  Crinoidccu  faiiiilic  der  RIm!) 


Fio.  2$\.—Pfivtaeriiima  etijitti  MeduMt  (aAer  J.  UdUer). 
O,  mouth ;  A^  nntu,  of  the  disc,  ^T1uch  ii  repnsent(>d  from 
Ibo  oral  side. 
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•Wicheii  iiy  its  ilorsal  apex.  Tlie  sefrinents  of  the  stalk,  which  nre 
■Ortlj  penUjeoniil,  are  comiect«l  by  bands  of  tist<ue,  and  are  pierced 
by  »  central  canal,  which  serves  for  nutrition,  and  contains  a  central 
•nd  five  peripheral  blood  vessels  ;  at  certain  distances  they  bear 
hollow  aad  segmented  cirri,  which  are  ammffed  in  whorls. 
Hie  donul  surface  of  the  calyx  is  covered  externally  by  regularly 
■imui^  calcareous  plates,  while  the  upper  (ventral)  surfjice,  on 
which  the  tuouth  and  anus  are  situate,  is  clothed  with  a  leathery 


I,— Oi«n«/m1u  «anfi/rrY<i  Nrq  repr«scuted  from  the  ventrvl  ftlds.     O,  moath ; 
Jt  uaxM,    Tlie  pinnuls  arc  filled  with  the  generative  products. 

[*'''•  At  the  margin  of  the  cup  there  ari.se  movable,  simple  or 
r*rited,  aud  often  brsinched  arms,  which  are  supp<]rted  by  a  solid 
•fork  consisting  of  dorsally  placed  caloireou.s  plates,  which 
Oovftble    upon   one    another   by   si)ecial    mu.sc,les.      In   almost 

■^ti.  Jtr  yaturgcrh,    IH.'I.     W.  Tbcjniiiooii,   "On   the   Embrvolog'y  of    the 

J'Waii  romcctts."   Phil.  Trun*.  Rnij.  ."iw.,  Tnm  1.55,  18<ir>.     W.  B.  Cur|H;iiter, 

IliWaffhr-j   "n    the    Structure.    I'hvKioliigy   and    Development   of    Antedou 

"*«;..  fnin   15t).     A.  Giitte,    "  Vcrgl.   Entwiikulunpittcschiidito  dor 


Iwii-. 


Urii 


Atiea."    Art^hiv.  f&r    ntipknmk^     Aiintntiiif,  Toiii    XII. 
I.  htudlen  iiri  Efliinodermen,"  Leipzig,  1b77. 
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every  case  the  arms  bear,  either  on  their  main  st«i»  or  od  iim 
brunches,  hiteitil  iip|>endagt>s,  the  pinviilea,  which  haw  aa  aluraji' 
ariiingcment  on  eucli  tdde,  one  being  utUichsKl  to  ejich  segmeni  of  ii» 
arms.     E^ssentially  the  pinnules  ivpriwent  the  ultimate  nmifcK'' ' 
of  the  armtt. 

The  mouth,  as  u  rule,  lies   in  the  centre  of  the  cup.    Frtmi  it 
certain  farrows,  the  ainhulaeral  groovet,  traverse  the  ilL<c  [if  ■' ' 


Fio.  JSS.-Devoli)iiiuent<vl  sUHttia  of  ComatHln  (^nfnlaii),  much  cnlarscL  •,  frt-c-swuimm 
UUT>  with  lufl  ttuil  riiiB*  of  cilitt  (ITr).  aUo  wltU  rudltueiiuity  pi»)o«n>ouR  pliiui.  k  " 
lached  Pnlacrinoiil  form  of  the  Mma  onimiil.  O,  Onklia ;  «,  Bwlijilni ;  h,  Is^r'i' 
Cd,  Cantrodoraal  plate,  c,  Older  utitga  deacriliod  u  Pnlaerinif  m-Ofonu  wiOi  »nn»"^ 
cirri  (after  Thnnuon). 

and  piiss  on  to  the   iiruis,  and  their   branches  nnd   pinnulesj 
are   lined    by   soft    skin,    and    carry    the   tentacle-like   Arab 
appendages.    The  iin\i8,  when  it  is  present,  lies  excentrically  o 
aii)b\jlacntl  (ventral)  s\irface  of  the  dine.     TTie  development  c 
living  gi-niis    Cumntuln,  which    l^egims   with    a   boiTei-shaped 
with  four  Uinds  of  cilia  and  leads  to  the  fixed  utage  of  the  ft»- 


CaiXOIDEA. 

orm  {P.  Eurojxetia)  (lig.  233),  consists  of   a  complicated 
hosis. 

«ter  number  of   Crinoids  belong  to  the  oldest  periods  of 
y  of  the   earth  (the  C'limbriiin,    Siliirinn,    Devonian,  and 
niferouH  formations).     Existing   forms 
r  at  considerable  depths, 
tinguish  two  orders,  the  Tesgdutn  aii<l 
laUt. 

ter  is   represented   by  uunieraus  fossil 

by  only  u  few  living  genera  as  Ptnta- 

ilopuji,  and  PdhuiIhIu  (tig.   234).     The 

lys  less  completely  provide<l  with  plates 

asil  Tettelala. 


^pasi 


Articu^at.\. 


ttaeriaidat.     CiinoidH  with  ten  arma,  several 

■Med.      There    is   n    pentapoiml    utalk    with 

Ti.     PrntncrinM*  ciipvl  JUrdv-Ktr.  Mill,  from 

J.     P.   Mvlleri   Ocrrt.,   We>-l    Indian    Ocean. 

■rms  are  :  Eiicrinvs  liliiformU  ScLl.  (fig.  234) 

fmchelkalk  :   also    Ajiiofrinim.  allied  to  thu 

iMrriimji  lofrttitjiiii  Snrs.  nnd  to  Jlathi/rrinDJi 

i  aldrieliiautm  W.  Th..  from   the  deep  sea. 

is  group  is  the  thinl  existing  genus  HMoput, 

'est   Indies,   with  calyx  att.nched   by  a  short 

olongation  of  its  apex.     H.  Jiaugii  d'Orh. 

latnlida.     Stalked  only  in  the  yount;  Htate. 

nimal  is  fn-e.     There  are  usually  ten  arms  at 

of  the  flatteneii  boily  :  mouth  and  anus  are  present.     The  Comu- 

ISK  the  ]iOwer  of  alrikiuji  their  arms  towards  the  ventral  sui-face 

ro]ielliug  themselves  amidiit  the  sea-weeds.    The  vermiform  larva, 

'  dUatc<l  girdles,  makes  it£  appearance  witliin  the  egg-memhranes. 

I  mouth  and  anus,  also  a  tuft  of  cilia  at  the  (Hjsterior  cn<l  of  the 

iwims  abonl   freely.      It   (lasses   later,   by   the  foi-raation   of  cal- 

■»  and  rows  of  plates,  into  the  stage  of  the  stalked  Penta<TiHu», 
the  t'limatuUt  is  jiroiiucinl  by  the  HC|iaration  of  the  cup  from 
O'ltatiilii    uieditirraHcn    Lam.,   Axti^iioH   nmaj-ra   Link.,  known 

Tig    attaohcd    stage    as    PrntncriiiiiK    fCurnjiaruf.       Ai'tinmnrtra 


PlO.  S3i.—E»eriii<i4  tllii- 
formi*  from  the  MoA- 
chelkalk. 


inouh  are  allied  the  fossil  Ct/ntidtti  and  Jilwtniifiti.  The  CylitJea 
;d  «-ith  short  stalk-s  and  »Iii.'hlly  develoiitil  arms.  Their  guiiemtivc 
enclosed  in  the  calyx,  whence  their  pr^Kluctg  esca|petl  through  a 
ing  capable  of  l>einK  cJo9e<l  by  movable  valves.  They  aiv  found  as 
t  Cambrian,  Silurian,  and  Devonian  furmatiuus  and  tlie  t'arboni- 
tone.     To  this  group  belong  the  gcncm  SjihtieroKitri,  ('unjofriiitit, 

lidoa  have  no  arm<t,  and  only  possess  ambulacra]  areas  on  the  calyx, 
lobed  by  a  segmented  colnnm,     Peutat renuitHei. 

19 
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CLASS  II— ASTEROIDEA  (STABFISHES).* 

Ec/iinmlervn  inith  dwso-vtfUrally  <iomprt»i«d  penUigvnal  at  i 
shaped  body.      The  amlnihiernl  ff.el  are  amfined  to  tJte  refilnU  i 
Internal  nkehlal  pieces    in    tJm    umliuiacrn  articulftted  luyHitr  ^ 
verteltnr. 

Tlie  Star-tinhfw  ai-e  chiefly   chaiiifterised   by  tlie  iiredomiMti 
pentagonjil  or  hUii-like  dLst-oidiil  shape  of  the  Ixxly,  to  the  «ii« 


•-S^i^^j^ 


Fia.  SSS.    Ki*nutfr  wdIm,  from  the  rmil  aiirfuw  (nftvr  A.  AgnasU).     O. 
Af,  •mbtilncrnl  feet. 

RUffiioe  of  whidi  the  ambiihicral  feet  nre  coQiined  (tig.  SSA),  D 
nidii  ore  lonR  in  compnrison  witli  the  inter-nidii,  whioli  ui*  tp 
short  in  consequence  of  the  <livefj;ence  of  the  iiil«raiubula«) 
rowK  of  plates ;  they  constitute  niot-e  or  leae  pivjeeting  muv«t 
arms,  witli  niovalile  skeletal  stnictures.  llietie  latter  ooiwut 
transversely  arranged,  paireil  calcareuut>  pktee  (ambuliicTi]  o«idb 

•  J.  Mttller  and  'Crowhel, "  Syiitera  dor  Anteridcn,"  Bruniwick,  IML    Oi 
pnrc  bcidde*  tbc  numerooK  papers  of  Kruhn.  Sani,  Llitkeii,  L.  Agn^ti*,  etc 


^^M 
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■hich  reach  from    the   mouth    to  the  end  of   the   arms,  iind  are 
iciiUted  togetlier  like  vertebite.     The  skeleton  of  the  Anleroidea 
distingiiLshed     fnim     the    globular     or    flattened    shell    of    the 
'^inoidea  by  the  fact  that  the  ambuhicral  and    intemmbuliicTiil 
Aes  are  confined  to  the  ventnil  surface,  and  that  on  the   outer 
of  the  former  there  is  a  deep  amhulacral  i/rooi-e,  which  contains, 
ule  the  ossicles  and  beneath  the  soft  skin  (which  in  Ophiurids 
special    ctalcareous   plates),    the   nerve    trunks,    the   peri- 
canals    with    the   blood-vetwels    and  the    auibuliu'nil  trunks, 
the  Op/tiuriJ^-a  the  aml)\iliicral  gir>ove  is  covered  by  the  dermal 
'J«t«s  80  that  the  ambuhicral  feet  project  at  the  sides  of  the  arms. 
Pwi  the  dorsal  surface  the  dermal  skeleton   ap|>eiirs   leatheiy  ;   it 
hnwever.  as  a  rule,  tilled  with  small  mlcAreous  plates,  on  wliich 
'»«>  pluoed  spines,  protuberances,  and  papillte,  constituting  a  coveiing 
l*f    a    most 
|*»ried    kind. 
the   mar- 
J'f   in    the 
integu- 
•'Pot  there  is 
Squally  a  row 
l«i-ger  cttl- 
uiis  plates 

"na/  plalrji) 
ig.  2  3  6). 
I^'pontheven- 
rtnU  surface 
j'tcindistin- 

IfoiOi,  in  adrlition  to  the  internally  placed  lunbulacnil  ossicles,  inferior 
rnarynW  oit»icle»  (fig.  236,  V/i),  also  the  aduinMiicnd  jtltttes  (Ailp), 
I  the  interiiitdiate  intimwhiiiticrnl  plaits  (Jp).  The  two  last  corre- 
l  to  the  int«iumbuliiciul  plates  of  the  /'Jc/uiioiflea,w]wvv  they  occur 
ai:  two  or  more  rows,  which  ai'e  united  along  the  whole  length  of  the 
int^er-radius :  in  the  AnteroiUea,  however,  they  separate  from  one 
another  at  an  angle,  and  are  disposed  along  the  oppfised  sides  nf  a<l- 
jiicent  arms.  The  ainbuliun'al  ossicles  are  caUtireous  liodies  artioulate<l 
together  like  vei-tebrse,  with  spaces  between  their  lateiiil  pifK-es-ses 
for  the  passage  of  the  vessel  connecting  the  nmpullie  with  the  i-ndial 
rawel  and  thet\ibe  feet.  Tlie  right  iiini  left  yiieces  of  each  dauhlo  row 
■ither  (Opfnundeo)  immovablj-  (tonnected    by  a    suture,  or    are 


Fic.  ZW.— SlceloUU  pinua  -)f  Attnpedm  Hrmiincktii  (after  J.  Mfiller). 
DR.  DorMi  imrginsl  pliiUs:  ^'S,  Teniral  marginiU  plates,  Ap,  un- 
buliicnU  usflicleH ;  J/i,  intermodiatc  interambiiljicml  platw ;  Atl/i, 
tunxrior  BilanibtilacTBl  pliUiw  fonaiou  nn  kiikIo  of  tbo  month. 


292 


ECIIIKUUEMMATA. 


{St^erideti)  movably  articulated  by  teeth,  which  tit  into  one  Anotlwt 
at  the  bottom  of  tlie  uiubulacral  groove ;  the  hitter  only  (SteUtridu) 
powess  transvei-se  muscles  ou  the  ambnlacnil  ossicles,  iin<l  are  Ml 
to  bend  their  arms  together  towai-ds  the  ventral  surface.  Tht 
Ophiiiridea  are  provided  with  longitudinal  muscles  only,  by  maMt 
of  which  they  are  able  to  bend  their  nrms  to  the  right  and  l«ftia 
a  horizontal  plane  with  a  sejpentiiie  movement. 

The  mouth  is  always  placed  in  the  centre  of  the  ventral  surface  in 
a  pentaponal  or  star-shaj>e<l  depression,  the  etlge.s  of  which  tn 
usually  beset  with  stifV  papilla;.  Tlie  inter-radial  iu]gle(«  are  nuvlod 
by  the  junction  of  two  adamhulacrtil  plate«,  and  frequently  ftincbOD 
as  organs  of  mastication.  Tlie  anus  may  lie  wanting ;  when  priBMat, 
it  iuvarifibly  lies  at  the  ajiical  pole.  The  madi'eporic  plat*,  li 
which  there  may  lie  one  or  more,  is  situated  inter-radially  hikI 
dorsally  (.SlMeridea),  or  on  the  inner  .surface  of  one  of  the  bMaJ 
plates  (OpIiiuri'ifM),  on  the  exterior  of  which  a  jiore  may  be  pr«B«it 
Development  in  cei-tain  cases  takes  place  without  the  interjiositi* 
of  a  bilateral  larval  phase  with  bands  of  cilia.  When  such  Urf» 
are  developed,  they  have  the  form  of  a  PluUits  (Ophinrid)  or  7?i/»»- 
luiriti  an<l  liracbiolarin  (Stelleiid). 

The  great  power  of  regeneration  jKJSsessed  by  Startishe«  i»  i»* 
confined  to  the  reproduction  of  lost  arms,  but  may  lend  to  tlie  ik* 
formation  of  jxirtions  of  the  disc,  or  even  of  the  entire  di>c  fi^* 
a  single  separated  arm.  Tliis  process  thus  amounts  to  a  speciow 
asexual  reproduction  by  fission,  and  htm  been  especially  ofacenrcd  >» 
forms  with  six  (Ofiliuictig)  or  more  than  six  {Linckin)  arms. 

Fo(i.<dl  .star-fishes  are  found  as  fai-  back  an  the  lower  Silurian  i 
(PaUrtister),  where  intermediate  forms  between  SuOtridta 
Op)iinridea  {Protatter)  make  their  ap]>earance. 

Suh-Class    1. — Stellebidea    (Aattridta)   STABFiiiUEa. 

AsteroidfM  wluise  arms  are  prolongations  of  l/ie  due,  ami  i 
hejxUic  appendages  of  the  nlitnenlnri/  canal,  nvd  n/so  tA« 
organs.      The}/  jwssess  n  tleep,  uncovered  amhiilaerai  groott 
along  the    central  surface,  in  which   groove   titt  atnbulacral  ^ 
disposed  tn  rows. 

The  StelJeridrn  usually  powess  broad  arms,  and  are  el 
by  the  fact  that  the  ambulacral  osaioles  of  the  two  Ridettarei 
by  transverse  muscles  and    are  movable   upon  une  another, 
anus  lies  at  the  aboral  pole,  but  may  be  wanting  in  cortain 
(Astrop»xten).      The   madreporic    plate  and    the   genital 
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inter-radiiilly  and  \ipon  tl»e  tiorrsid  surface.  The  multilohed 
ed  divei'ticula  of  the  »tomuch  extend  iiitu  the  oi.i'itieM  of  the 
218).  On  the  ventral  surface  of  the  latter,  two  or  four 
amhulaci'nl  feet  pix)ject  from  the  deep  iinibiilacnil  gi-oove, 
of  which  is  beset  with  pipillii)  (tig.  235).  rei/ice/liiriw  are 
DDndt  and  demuil  gilk  projecting  through  the  tentacular  pores 
!  dorsal  surfuce. 

ly  feed  piincipnlly  ujwn  MoUusca,  and,  hy  menus  of  theii- 
dacDil  feet,  crawl  slowly  upon  the  bottom  of  the  seti.  Some 
f  them  are  develoj>ed  by  a  veiy  simple  pi-ocess  of  luetnmoi-phosis 
1  the  brood-pouc'li  of  the  mother ;  but  the  gi'e«it«r  number  of 

through  the  free 
tstAges  of  Dipinnaria 
^ntciiioltiri'i  (tigs,  224 
8). 

Atteruda.    The  cylin- 

nmbulacnil  feet  end   in 

Kuctririal   discs,  and  are 
aminged  iu  foiir  rows 

eacli  ambulacra]  groove. 

*   L.  (^Attrriutanihion). 

iulij  O.  K.  Miiller..  Jlr- 

lirliaHthin  Gray. 
1.  Soluterida.    Tliecrlin- 

amliul.iornl  feet  lire  dis- 
in  I  wo  rows.  llRys  long, 
IDorv  than  rive  Sutnttrr 
Retz.,  Erhintifter 
Rctr...  Ojihiiliiislfr 
Unrlii'i  Niinlij. 
L  Aitropeetiiiida.  Am- 
lU  fi'Ct  conical,  and  nith- 

etorial   diw,  nrrangcd  in  two   rows.     There   in   no   anus. 
^iiH'Ht  rUil.  LhuIui  Korb..  Ctemiiluriin  Miill.  Tr. 
;  Briaingida.     Hody  8hoi)od  like  an  Ophiurid.     Rays  distinct  from  the 
III  only  a  narrow  internal  cavity.     Hritimja  cornniitn  SarH. 


Pio.  3S7.— .4#<*TMni«  oerrunttaiua,  with  the  (tonwl 
•Icin  roniovcil.  Li,  Raibil  appeuilagcs  or  hepatic 
tubes  uf  the  stumach  ;  (i,  i^iierative  Klaii<h>. 


Attrnjtectctt 


Sub-CUua  2.— Ophiuriuka  {Brittle  Start). 

mStlttt*  efiaracterited  bi/  the  nhsencv  of  an  nnus,  and  by  the  po»- 

W^  lony  ciflhidrical  arms  which  are  sharply  dint i net  from  t/u! 

wui  dv  w>l  cotitain  appeiulayM  of  tins  aliiiieiitari/  caruU.     Th« 

tend  ijroore  is  covered  hi/  l/ie  deriiMl  platen  no  that  the  ainbulaernl 

vject  at  tfte  tides  of  t/ie  aniut. 

Ophiuridea  can   be   at   once   distinguished    by    tlie    Hexible 
■U  Arms,  which  are  sliurply  difitinct  from  the  disc,  iind  encloHe 
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no  divei-ticula  of  the  alimentary  caual.     Tlie  movements  oftlwi 
are  principully  in  the  horiwiutal  plane,  and  in  many  omh  penrti 
a   civejiiug   loooinotiun    iiinongist    marine   planUi.      The  ajnhi 
groove  is  always  covered  by  tipeci/il  dermnl  platcw,  and  the  nuititilxM  1 
feet  project  latenilly  between  the  spicules  and  plute.-i  on  ttio  upp 
etirface  (fig.  238).     In  a  few  cases  the  arms  ai-e  branched,  »u(i  aii  1»  I 
ix)lled  up  in  the  direction  of  the  mouth.     In  such  cases  tlif  varuJ  | 
groove   is  closed  by  a  soft  skin   (Aslrop/n/fmi).     The  irnus  is  i 
wanting,  as  are  jtcdicMarur.     The    generative  prodwto 
genital    pouchas   (buifwe),  and    from  these   <lirertly  to   the  ' 

through  inter-mdifll  J»ii"  | 
slits.  The  madi-eimric  ^  \ 
lies  upon  the  veutinl  >'l^| 
face  in  one  of  the  bowj 
plates*.  Some  few  OpW-J 
rids  are  vivijMimas  '-^i 
A  iiifi/iium  sijuamuta:  tii"*  . 
do  not  undergo  mKfU>^| 
phosis.  Most  piu'sllini'ipj 
the  Pliiteiu  lamiJ  M»(!«i| 
e.g.,  OjrJiioyli/p/ui  Lyn 
{Ophwhpi«)  cUinta 
larval  »tage  /*'* 
piirwloxut. 


Fig.  tSU.—Qiikiotkrii  fragUu.  The  enil«  of  the  my* 
have  been  niinoveil.  OS,  Slita  of  the  f^nital 
poochat} ;  ii,  nuuticat^ry  owicles. 


Fam.       Ophiuidab 
mniplc  unbrmncliod  anpi.  < 
with    ventml    plaie*   i* 
ambulooral    gmovu.      lliey   are    divided    into  sjici'ial    gviicni  »ccordio{ 
the  |ieculi«r  diaracter  of  tlie  demial  coveriiii^  and  of   the  buccal  iin 
Uphiollirix  Miill.  Tr.     The   liack  is  provided  with  gramiles.  hairs,  or  4 
Tbc  lateral   plati-s  uf  the  arms  bear  spicalc!^.     Oph.  fntgili*  0.  ¥i.  MH! 
O/ihiura  Ijim.     (Ojiliioffrrma).     Twn  pairs  of  genital  slit*  in  each  interb 
»imcc.      O.  Um^iciiiiilii  Link.,  UjihioUjiU  Liltk.,  Amjjhiurii  Korb. 

Fam.  Zoryallda.  MuMly  witli  branched  iinns  whieh  can  be  curved  to» 
the  mouth  and  are  without  plates  :  the  ventral  groove  ctoticd  with  »jft  ' 
AMtrophijton  TcrnirimHin  Ijiui..  Indian  Ocean.  .1.  arherrscnu  Rond.,  Mo 
raiiean.     Antrrimi/r  I^ir^ni  Miill.  Tr. 

CLASS    Iir.-ECHINOIDKA,*    SEA-UKCHINS. 

!ipli«rical,  hearl-shaped,  or  disc-shaped  EcJiinoderuu  with  in 
skeleton  oompoted  of  ailairrous  plates.     The  skeleton  encloses  the  I 

•  BesideB  the   works   of  J.  Tli.  Klein,  compare   E.  Dcsor,    "  »>ii«->iwi»J 
Echinidi-«  foBsilcs,"  1(V>4  t<i  IHo8.      S.  Lovin,  "  fitndes  sur  le»  Kchina 
Stockholm    l»74,     Al.  Agassix,  "  Bovisiou  of  tVie   Kchiui,"  Cambridge. 
1874. 
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lh«  tnanner  of'  a  ahcU,  and  atrriea  nwvable  spinet.     There   is 
"it/ a  nunuh  nn/l  nniu,  and  locomotive  and  o/ien  reapirtUor;/ 
"nl/iilaeral  aypcndaget. 

Th«  deruutl  skeletAl  plntes  ure  connected  together  so  as  to  form  a 
inn  umoovnhle  shell,  vrhic))  liivs  no  arm-like  prolongations  in  the 
•iimtion  of  the  rays,  nnJ  in  taimetimt-s  regularly  I'adial,  sometimes 
imgolar  or  sym metrical.  With  some  rare  exceptions  lunong  the 
kmi  PtriieAatJiinida,  as  Le/iidoceniru-a,  the  calcareous  plat€S  are 
faalj  connecUvl  with  one  .inother  by  suturess  and  are  usually 
<iru(^l  in  twenty  meriiUonal  ^■ow^.  These  rows  (fig.  206)  are 
fiipowd  in  pairs,  and  oorrpsi>oud  alternately  with  the  radii  and  the 
■tB-i«dii.  The  five  radial  puii-H  are  the  ambulocral  plates,  and  are 
(iawd  by  rows  of  tine  pores  for  the  e.xit  of  tube  feet  (fig.  213,  P), 
tad  l«*r,  as  do  the  brood  intemmbulacral  plates,  spherical  promi- 
MoocB  aud  tubercles  to  which  the  differently  .shaped  spines  are 
*»f»bly  orticidnted.  Tlie  body  form  of  the  Sea-urchins,  as  con- 
tim«d  with  that  of  the  8tar-fish,  dejtends  upon  the  meridional 
Dgenieut  of  the  rows  of  plates,  and,  at  the  .same  time,  on  the 
wuiuity  of  the  interambulacral  rows. 

The  position  of  the  nerves  and  umbulacnil  va-scular  trunks  beneath 
tfkeletun  is  the  special  characteri.stic  of  the  internal  organi7.tition. 
ice  are  found  between  the  spicules,  and  are  especially 
118  in  the  region  of  the  mouth.  Some  Cidaridea  are  pr()\-i(lwl 
hnmched  reRpiratory  tubes.  The  geniUd  pores  ai-e  dis^HJsed 
^r»diHIly  on  the  genital  plates  near  the  apical  pole.  One  of 
genital  plates  is,  as  u  rule,  also  the  madreporic  plate.  Tlie 
'  plates,  which  are  radial  in  position,  are  also  pieifed  (figs.  206, 
)).  The  regular  Sea-urchins  are  often  symmetrical,  one  radius 
or  shorter  than  the  others,  which  iii-e  etjual  to  each 
re  find  long  oval  forms  which  are  iaterully  syninietriwil, 
the  mouth  and  anus  central,  and  an  anterior  unpaired  radius 
Echinomrjra).  In  the  irregular  Seji-urchins  the  anus  is 
from  the  apical  {(ole  into  the  unpiiied  radius  (C/y/>««- 
The  mouth  also  often  has  an  eccentric  position  in  f)ont 
fidir,  fig.  20X),  in  wliich  case  the  maatioatory  apjmrntns  is 
IWiuiting. 

la  many  regular  forms  all  the   ambiilacral  feet   have  the   .same 
,  And  are  provided  with  a  suctoriid  disc  supporteil  by  calcareous 
•;  in  others  the  doiiwl  feet  are  unprovi(le«l  with  a   disc,  and 
anil  often  have  an  indented  edge.     In  addition  to  the 
,1  f.^t    tlio  in«gular  Hea-urchins  almost  all  possess  ombu- 
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Inoral  bmnchia;  upon  a  i-osette  formed  of  large  pores  on  the 
BUi-face  (tig.  239).    The  locomotive  feet  ai-e  veiy  small  in  CI;/, 
and  are  distributed  either  over  the  whole  surface  of  the  am' 
or  are  confined  to  branching  i-ows    upon    the  ventral  surface.    Il 
the  Spataiujida  there  are  peculiivr  baud.s  upon  the   upper  rurfsrt. 

the  fasckltt  or  tentiUe  (fig.  239), 
uj.>on  which,  in  place  of  the  f\'i'~'- 
knobbed  bristles  with  active  - 
(clamila)  are  distributed.  iVwIif- 
ment  takes  place  with  a  Phiteits  Um! 
stage,  in  which  the  larva  is  proviW 
with  ciliated  epaulettes  or  with  «« 
apical  rod. 

Tiie    Sea-urchins    live,    as   »  nili 
near  the  coast,  and  feed  on  nioUoitN 
small      marine     ivnimals     and    Foti- 
Some   .species    of    Ecliimui    Hmt?  tfc«' 
power  of    lioring    holes   in    the  iwk? 
in  which   they  hve.      We  fintl  m**^' 
fossil  shells,  especially  in  the  chulk 


FlO.  E30. — BriMoynt  lfr\fm  wlUl 
the  foacinleft  or  ftemite«  Mirround- 
Ing  Iho  rosette.    A^  anufr. 


Order  1. — OiDABtDi:A=REUi-LAR  Sea-ubchixs. 

Echinoidea    with  centra/    iiwxtth  ami  equal  (tand-likt  umhitli* 
vritli  teeth  and  riKUticatori/  apparatus  ;  witfi  sub-central  anui  i»  ^"^ 
apical  space. 

Fam.  Cidarida.     With  very  narrow  anihulacml  and  lirond  iniemm 
areas,  on  Imth  (if  which  are  larjjc  perforoteJ  tHbtTclcs  imd  i-luli-slmiK'il  h'ik^ 
There  art  no  oral  branchitp.     ('tdarU  mrtularin  Lam.,  Phi/lhiranthm  imptr"' 
I  Am.,  East  indies. 

Fam.  Eehinida.  .'<ea-urchins.     The  pores  are  KTi'Di^ed  in  tranRTrrsc  w" 
there  is  a  rnuml,  thin  shell,  broad  ambulacral  spaces  bearing  tuberoK-t  tt\iAf\>^'* 
which  are  mostly  short  and  |K'ar-shap<.-<L     Ornl  bmnchin;  are  jjrescnt,    r^f" 
nrujitrf  rnririjatui,  I.iira.,  Erhinut  mfln  I.am..  Strmuj ijUiecHtrotiu  tiriitu  B"'- 
MJ-atiUt  Lin.,  Mediterranean. 

Fam.  EohiaometridB.  With  lon^  oval  shell,  imperforate  tuhocle  x"' 
oral  liranehiie.  EchiHumitra  ohlani)ii  Blainv.,  Podophora  atmta  Bi*- 
AcrtHsliiilia  trigimaria  Ag.,  Paoitic. 


Order  2. — Cltpeastridea. 

Irregxdar  Ec/tinoidea  comjrretted  into  the  form  vf  a  shield. 
eeiUral  and  furnish  td  with  intutticatory  apparatus,     Veryhroadt 
lacra,  five-leaved  avvhulacral  rosette  round  tite  apical  poU,  and 


^'jfKtm 
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L^7 


Fxvt  [ftnital  ports  in  the  re(/iim  of  the  viadreporic 


Fim,  CljrpeMtridv.     The  «lge  of  the  disc  without  indentations,     fli/prntifr 
n««(T«  l.»m.  (tiif.  207),  Erhinoeyawvt  jntfillvt  0.  K.  MUller.  Meditcrrancnn. 
FiBL  l«st«Uid«.     Flattened  Echiiwiiha   with  a  nhell  often  lol)cd  or  |)cr- 
d.  with  nj«j  of  pores  for  the  atuliulocnil  feet.     f,tibi>j>!iiira  bi/nni  \si,, 
iBHmpkii  Klein,  .\frica. 


Or(Ur  3. — Spatanoidka. 

Imyvinr  Echinoidta  of'  <i  more  or  legt  heart-shaped  form,  »«'<A 
wittUiv  miftUh  njid  antm.  There  are  iw  teeth  or  masticalori/  ttpjHtrntus, 
txllliirr  .*  .<»./,.//<,  II  four-leaved  ainhulncrnl  roaette  and  four  (/enilal 

A*  ft  rule  there  tuv  .semits'  and  four  genital  pores,  btit  thenumWr 
of  the  liitt<>r  iniiy  be  reduce*!  to  three  nnd  two. 

fim.  (pitaagids.  {Ijiataiujtiii  purpurrim  O,  Fr,  MUU.,  Mediterranean  ; 
Miuiltr  tanali/rrtu  .Kg.,  JJrutut  Klein. 

CLASt*  rv.— HOLOTHUROinEA.* 
UWro/iie  tUmgattd  Kchivoderms  irith  a  leathery  iKid;/  mill,  with 
•"•''Wife  tentadet  aurroundhiij  the  iiwiUh  ;  ainu  terminal. 

Tlie  Holothurio  approiich  the  worms  in  possessdng  an  elon^ittnl 
Tlindrical  Kliape  and  ii  bilateral  synimetry,  which  is  expres,xed  in 
"Wjr  ways.  In  particular  they  po.«.se!vs  so  striking  a  resemblance,  so 
'"'Mllieir  exterior  is  concerned,  to  many  Gephi/rfa  that  formerly 
uny  were  included  in  the  same  group.  The  body -covering  never 
Ltooiiiits  of  a  firm  CHlcsreous  shell  like  that  which  we  find  in  other 
*ouiiodeniis,  but  aln-aye  remains  soft  and  leathery,  the  cttlcHreous 
■"ttter  Iteiug  confined  to  a  few  isolated  particles  of  definite  form. 
'"  tuB  caiieft  {Cuvieria),  scales  are  present  in  the  dorsal  skin, 
^•e  are  arrnngeil  like  the  slates  on  a  roof,  and  may  even  take  the 
'Onaof  «picule-like  appendages  (Echitiocucuitii-n). 

The  bilateral  symmetry  results  not  only  from  the  existence  of  un- 
P"wl  urganx,  but  from  the  contrast  which  is  often  very  distinctly 
•^reaed  Wtweeu  the  dorsal  and  ventnd  surfaces.  Tlie  ambnliicral 
'**(  «re  not  in    all  oases  regularly  ariunge<l  in  the  five  meridional 

'  S.  J.  Jai-ser.  "  I'e  Holotlmriii."  Dissert,  inaug.  Tiirici,  IS.SS.  J.  K.  Hranilt. 
'IVoilroina*  deacriiitiiinin  animnliuni  ali  H.  Mortennio  in  orliis  U'rrarani 
nnwnuavicntionc  oiwervatorura."  Fas<;.  I.  Petmiioli.  1835.  J.  Miiller,  ■•  I'l'ber 
^>'l«[ita  dl^tata  and  iiber  die  Knieiifning  von  .Schnocken  in  HijlothnrirMi," 
•'"li'i,  IMS.  A.  Boor,  "  BeitrilKC  zur  Naturgeschichte  der  Syiiaptn  di(ritttto," 
""■Ian,  IMii.  C.  Semiier.  "  iteisen  im  Arclii|icl  der  Philippiiien."  Tom  I.. 
"■ipoir.  IMS. 
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i-ows  fram  the  oral   to  the  iiniil  pole,    bnt  may  be   prinripiillr  >» 
iiltogetlier  confined  to  the  three  niys  of  the  so-csiUetl  trivium.    In 
this  latter  eiise  the  Holothurid  moves  upon  u  more  or  less  foot-li* 
ventnil   surfiice.     The  ambulacra]  feet  may  aluo    be  iHstribnte*)  uni- 
formly over  the  surface  of  the  liody,  especially  on  the  ventral  side. 
As  a  rule,  the  tnl>e-feet  have  a  cylindrical  shape,  and  tei-miniit* 
a  suctorial  disc:  in  other  ai*«s  they  are  conir^il,  and  the  suctorifc 
tlitic  is  absent.     The  tentacles,  which  are  in  commnnicatiou  with  ihi 
watei'-vascular  system,  and  represent  specially  moditied  amW 
appenditfies,  are  simple  or  pennate,  or  even  dendritic  (Deiitin<chinA« 
or  shield-shajjed  (Asju'iloeJiira/n).  tliat  is,  providc<l  with  a  disc,  wliid 

is  often  divided  into  many 


In  certain  geneiw  (St^apta), 
auil>ulHcral    feet    are    altogetiie 
wanting,  and   the   tentacles  n 
main  as  the    sole  appenilages  a 
the  ambulacrivl  sj-steni  (6j;.  i4"; 
Locomotion    is   eftected    by  th 
strongly  developefl  dermal  miir 
cular    system,    the    longitmi 
fibres   of  which   are  attAcbeJ 
the  citlcareous  ring  surroundiuij 
the  a'sophagus.      It   is  chiuw^ 
teiistic    of     die     water-vitfoJ*' 
system    that    the    stone    taiul 
which   is   usually   simple,  h»iip 
freely  in  the  IkxIv  caivity,  emliu^ 
in  a  colcaj-eoiis  framework  wm- 
pirable  to  the  madreporic  pUt« 
Tlie  respinitory  trees  at  tht  «iil 
of  the  intestine  perform  the  fuup- 
tion  of  rayimlion,  while 
glandular  appenilages  (organs  of  Cuvier),  wliich  ofien  into  tJu*  rectum,' 
may  be  regarded  as  rxcretori/  orguiis:  these,  as  well  ii»  the  respiT-nWry 
trees,  may  be  wanting.     The  generative  organs  consist  of  a  bundle 
biunched  tube,-;,  the  duct  nf  which  opens  on  the  dorsal  surface  m  thi 
region  of  the  moutli.     The  genus  Si/impta  is  hennaphi'odite,     Tl 
development  is  in  many  Ilolot/iurutiis  direct  (as  e.g.  in  J/ololM' 
treniuln  according  to  Koi-en  and  Di\uiel8sen) ;  where  there  is  a  «: 
plicated  metamorphosis,  the  Iiu-vim  have  the  Aun'eularia  form, 
pass  thmugli  «  biin-el-shiijwd  pupa  stage. 


Fig.  i*0.—Sf»iyl,i  ilit^rra*  (itfMT  Qnsuv- 
fRK»»).  ('.  M'liith  :  A,  uiiui :  Itae  IntosliiiO 
cto  lie  seen  Ihraugli  the  akin. 


a& 


BOLOTHUROIDEA. 


399 


The  Holothtirriana  are  partly  nocturnal  in  their  hHbits,  and  live  at 

the  bottom  of  the  sea,  for  the  inost  part  in  shallow  places  near  the 

««^t,  where  they  crawl  slowly  upon  the  bottom.     The  Sifnnjitiiltr, 

which  huve  no  feet,  burrow  in  the  siind.     They  feed  on  the  emaller 

murine  animals,  which,   in  the    Dendrochirota,  are   carried    to  the 

mouth  by  means  of  the  branched,  tree-like  tentacles.     The  Asp'ulo- 

dttnia  fill  their  intestine  with  (and,  which  they  eject  from  the  anus 

iWiiHUM  of  the  current  of  water  from  the  respiratoiy  trees.     It  is 

wrthjrof  notice  that  they  (especially  the  Agpidochirotn)  can  eject 

I  thwogh   the   anal  opening   the  intestine,  which  breaks   off  easily 

I  Imhiiid  the  vascular  ring,  and  are  able  to  renew  it.     The  Si/nupta, 

»k«  irritated,  ai-e  able  to  break  their  body  into  several  pieces  by 

Tioleat  mnscular  contnictions. 

Urder  1. — Pedata. 

XtiiacnnM  ambtUacrcU  feet,  whicJi  are  aoTnelimes  arranged  regxdarbj 
'«  lA<  mervlinti.it,  <ind  aomtliints  dittributed  veer  the  inliole  anr/ace. 

fun.  AtpidochiroUe.  With  shield-shapcKi  tentacles.  IloMhtiria  L.  With 
•fOtwl  ambalacrai  futt,  which  arc  conical  on  the  tlorsnl  side.  Bn<l  nre  without 
•"iet*.  //.  tnhvUitd  Gmcl..  Adriatic  and  MediteirBUeaii ;  //.  eitulit  Less., 
ti* ftllUc  Trep'ing  <if  the  Ka-sl  Indian  seas. 

fva.  Doidrochirote.  Wth  tree-like  branched  tentacles.  CurMtnuria 
"••iaT.  .Unbalacral  feet  «rranee<l  in  regular  rows.  C.  frmiilvta  <>r.  Ptnlut 
Ok™,  AmIittljM-nil  feet  confined  to  the  f'lot-like  ventral  surface  of  the  trivium. 
ff-fiantajiiu.  fir, 

Orrf<:>-  2. — Apoda. 
!>onmhvlacr(d/eet ;  as  a  ride  vfUJuml  reapiratory  trees  ;  the  tentacles 
'  ^'  vtiuiUy  brnnclied  (tr  pintuUe. 

''Wu.  Spiaptida.  Hermnphrotlitc  and  without  r&^piratory  trees.  In  the 
"'ii  there  Kt:  wheel-shaped  calcareous  liodies  or  projecting  masses  shape*!  like 
Jaffixod  tocalcareous  plat>.-s.  Syiuiptu  (liijitnta  Mntg.  withanehor- 
^MtetKoos  bodies.  .1.  Miiller  di»covcre<l  in  their  Inxlics  jiorasitic  c.vliir- 
!  with  gi>ermntoioa  «n<l  ova,  which  latter  develop  into  small 
nttf.(s»gtTn\Kt\ii  (^EHtocimrhti  mirahilit).  Cliimlata  RsA-h.  Skin  beset 
"Hi  m»>  erf  small  tubercles  U^aring  calcareous  wheel-shaped  boflics.  The 
'  Vi'tjMuiia  Cuv.  is  furniBhed  with  respiratory  trees. 


ENTEROPNETJSTA. 

^'^  remarkable  genus  Bulancxjlossus  must  be  placed  here.     It  is 
*  npawiitative  of  a  clas.s,  EnteropimnMa  Gegenb.,*  allied  to  the 
St,  but  usually  classed  with  the  Vermes,  and  presenting 

.    ^  Kowalevslci.  "  Anatomie  des  Jialaimghitut  Dellc  Chiaje,"  JVimoirti  de 
'■*«•<  i»p((r.  drt  Seieneet  de  St.  t'ctcribuiirg.  Tom  X.,  No.  3,  18(i6.    L.  Ai^assiz, 


EHTBROPirEUSTA. 

an  ufliiiity  to  the  Tunieata    by  the  mode  of  respiration.    Tlii 
terestinjr  worm  wa»  discovered  by  Delle  Chiaje.  and  iUs  oigjiub- ~ 
ami  development  hiive  l>een  I'ecently  investigated  by  Al.  .Vga.*4iiiil 
Kowalevski  [more  recently  by  Bat«»on,  Q.  J.  Mie.  JSd.  1884]  (tig.  I'^'i 

Tlie  JnixA  tutf 
i-esting  point  «l««l 
this  furm  i»  ^ 
titructui'e  nf  it^ 
laiTi-a,  whicL  wwlw 
its  i-elutioa-hip  w 
the  Jic/iituKiTMi'io 
probiible.  TlieWm 
was  doscrilieil  t')  ^■ 
MUller  lis  Toni'irv, 
and  WKB  w^gatifi 
by  him  as  m  &!"• 
nodeiTii  larv*.    " 

Fic.  241.— YounK  BalHtioglotm;  ctroiiglj-  nugnifled.     Pr,  Prfi-    dogK,  in  fact,  IiO"** 
1>oi^ciB,  the  numurouo  bnuichiiU  ftliut  arc  visible.  ,      ,,      .       i   j 

a  double  bwd  <* 
cilia,  like  Jiipinnaria.  Of  these  twn  rows  of  eiliii,  one,  the  fTxm, 
fonus  a  ring  round  the  pste-umt  lol>e,  while  the  other  i>  Im?" 
and  runs  in  a  moi-e  longitiidinjd  direction  xo  as  almost  to  join  "* 

foitner     nwr    ^" 
apical  I>ole.     Thfn- 
is  ol.so  a  tnuu^vKT* 
piw-anul     ring  <» 
cilia  (tip.  •242.  «.  ^^ 
Internally  adiveiti- 
culuRi    of    the  &^ 
chenteroii  givw  ri>« 
to  au    indepeudenl  I 
sac      forming    ilMl 
water-vaficular  sy» 
tern,      while     t* 
paii-s  of  divertic 
fni-nish     the 
rudiments    of    th 
body  cavity.     A  pulsating  heart  is  developed  from  a  thickening 

'•  The  fliMtory  of    RRlniinj;l,)sgui.   ami   Tomnim."   Mrmti'm  of  the    Amrrte 
_Afai1fmij  of  Art!  ami  Sfiineni.  Vol.    IX.,   1873.     K.  Mctsojinikolf. 
itemrh.  Zoiil.,  Tom  XX..  1870. 


hriiknfT).     .1,  6c«u 

O.  inmirli :  A^ 

■fUlHr  ityiitem  :  C, 
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and   oaks  into   n   depression   of  the  water  Vii«:u]ar 
^t  the  apical  j>ole  there  i.s  ft  thickening  of  tlie  ectoderm 

the  apical  plat€  of  the  larval  Worms  and  containing  two 
>pment  of  the  larva  into  the  adult  Bal(nio<jUissua  was 
d  by  E.  Metschuikofl"  and  then  by  A.  Agiunsiz.  The  baud  of 
lally  ilisappears,  the  pne-onil  ]>art  of  the  larva  becoui&s  the 
while  tlic  oiiil  [lortiou  jrives  rise  to  the  collai'.  Tlie  trunk 
the  posterior  elongated  jiortioii  on  whii'h  the  posterior 

tmnsverse  ciliated  Ijiind  .still  pei-hists.     The 

anterior  j>ortion  of  the  alimentary  canal 

liecomes  pierced  by  paired  branchial  slits 

(figs.  243,  244). 
Tlie      Iwdy     of 

the    ndnlt  nnimal 

is  worm-like   and 

completely       cili- 
ated ;    it    can    be 

divide<l     by     the 

external    featureu 

into  a  numljer  of 

different    i-egions. 

The  anterior  end 

of     the     body    is 

indicateil     by      a 

proboscis     well 

marked    off    and 

projecting   like  a 

he.\d.     This  i.s  fol- 

loweti  by  a  mu.scu- 

lar  collar.     Poste- 
rior to  the  collfli- 
^tonmi  MO ;  Vr,   there  i.s  a  longer  portion  of  the  body,  the 
K)  o,  month:  c,  branch ijil  region,  which  may  be  divided  into 

a  mediiin  distiuctly  ringed  [mrt  (biiinchia') 
jbed  lateral  jKvrtions  usually  tilled  with  yellnw  glands.  At 
Wb,  between  the  medum  j»ortion  and  the  two  lateral  lobes. 
Ml  either  side  rows  of  openings  which  serve  for  the  exit 
kter  from  the  bimichial  cliamlK?r.  Then  follows  a  third 
e  body,  the  gastric  region,  upon  the  upj)er  tdde  of 
are   four   rows   of  yellow  glands  (genenUive  glands). 


Ukge  in  I  lie  cou- 
Tvmarin  iTitii  Ai/«. 
irilii  nue  p'^*'"  "' 
>Ula  (afuir  E.  Met- 
fteeii  froin  Ibe  ftido. 
ftl  bnurliuU  opcn- 
oocwl   ftllO  ;   I'r. 


Fio.  2-M,— 8ui«e  in  the  convor- 
nou  of  Tontmriu  inUj  Bnlomo- 
ifht»»i4M,  wltb  four  \yiiin  of 
braucllial  sliu  (nftcr  Al. 
Agawti).  LetlCT!!  lu  iu  flin. 
242.  243. 


BfTEROFXKUBTA. 


Between  these,  brownish -preen  pinuiim-nces  iire  x-wible  (the  hrj'.' 
appenthige*  of  (he  int«Htiue),  which,  tuwiuxis  the  iKjsterior  extMi  ,i 
where  the  yellow  glands  disappear,  ai*  larger  and  more  dn-'  i 
Hfigivpiti'd.  Finiilly  there  foUowt*  u  dintinctly  ringed  caiudiU  m-i  - 
at  the  hind  end  of  which  is  the  anus. 

The  oontntctile  proboscis  Herves  not  only  as  a  siphon  to  nuiiitaii  | 
i-espuntiou,  but  nlso  as  a  loconiotoiy  orgtin.     It  projects  iiWnv  ili 
level  of  tlie  luuJ  in  which  the  uuiuud  is  liuried,  and  is  said  wukni. 
Water  by  a  terminid  aperture  (the  existence  of  tliis  opening  lu«  hoa  I 
recently  disputotl)  [ami  to  pass  it  out  into  the  month  throtigL  «  pon 
at  its  base]. 

The  mouth  lies  behind  the  anteiior  ninrgin  of  the  iso-callnl  nilUt, 
nnd  loads  into  a  buccal  ca\'ity,  the  nulls  of  which  contain  t  gw' 
number  of  unicelluliir  mucous  glands.     The  jwrtion  of  the  jtlimrtl- 
tary  canal  which  follows  the  biiccal  ca\'ity  bears  the  bi-aiirliiul  fnat- 1 
work,  and  is  divided  into  jv  dorsal  und  ventral  pu-t  by  two  loiigituiliia)  | 
foliU,  so  thiit  it  uhno8t  presents  in  transvei-se  section  the  appmnn*  I 
of  a  figure  of  8.     The  intestine  does  not  hang  fwely  in  the  My 
en^-ity,  but,  except  in  the  region  of  the  tail,  is  fastened  to  the  U«i;  I 
wall  by  connective  tissue;  it  is,  however,  always  verj-  closely  atUcbi^ 
in  tlie  two  median  lines.     Beneath   the  dnrsid  and  ventnil  mciluii' 
Jiues,  where  the  two  principal  vascular  trunks  are  visible  thi-ougl  llif 
skin,  two  grooves,  beset  with  strong  cilia,  run  along  the  whole  lt!i)j!tli  | 
of  the  intestine.     From  tln'.se  gro<ives  secondaiy  grooves  are  pven  lA 
and  as  it.  were  divido  the  wliole  sui-face  of  the  int«>stine  into  i>l»ml» 
Some  distance  behind  the  bi-anchial  region,  on  the  upper  ride  ot  li' 
intestine,  the  pwulinr  c<'ll  n»a.sses  Viegin,  which  gradually  a^siinic  ll"' 
foiTu    of    s!ic-like    diverticula    with  ciliated    internal   walls.      Th«« 
"  heimtic  appendages  "  are  either  disposed  in  a  simple  row  along « 
side  {B.  iHinntim  Kow.),  or  densely  aggregated  together  {B. 
Delle  Ch.) 

The  bninchial  liasket-work  which  is  placed  at  the  commencemeui 
of  the  alimentary  cnnal  projects  on  the  anterior  flattened  part  of  lb 
body  in  the  form  of  a  tmusversely  ringed  longitudinal  fold,  and  i 
tains  a  system  of  chitinous  plates,  wliich  constitute  its  framework  i 
are  connected  in  a  peculiar  manner  by  tiunsverse  i-ods.  The  wnM 
taken  in  through  the  mouth  pas-ses  through  speciid  openings  in  i 
wall  of  the  anterior  jiortion  of  the  alimentary  canal  into  the  cili»ll 
bmuchial  spaces,  to  issue  thence  through  the  two  row^  of  Uti 
]>oivs  on  the  dorsal  surface  of  the  branchiiU  region. 

Tlie  vawnlar  system  consiat*  of  two  median  longitudinal  tr 
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rticii  (five  off  numerous  transvei-se  hninches  to  the  whUb  of  the 
ifltotiae  and  body,  and  of  two  lateral  trunks.  Tlie  hi-anchiffi  receive 
tlinr  rifii  %i»acular  supply  entirely  fi-om  the  lower  trunk.  The  upper 
iJiink,  ill  which  the  blood  flows  from  Ijehind  forwards,  divides  at  the 
jiiMerior  wid  of  the  branchia-  into  foiu-  branches,  of  which  the  two 
litcnl  ones  paf«  to  the  lateral  portions  of  the  antenor  pirt  of  the 

(Vitain  fibrous  cords,  running  directly  beneath  the  epidemiis  in  the 
itnrwl  nod  ventral  median  lines  and  branching  int<j  a  net-work  of  tine 
filirill*.  have  lately  been  interpreted  as  ti^rroM  centres.  These  cords 
•T  described  as  l)eing  connected  at  the  posterior  end  of  the  collar  by 
I  ring-like  commissure. 

The  ijmerattre  organs  are  arranged  in  single  rows  in  the  branchial 
■"poo.  lint  posterior  to  thi.s  in  double  rows.  During  the  breeding 
*••<»  tliey  are  eirtraoiilinarily  developed,  and  the  mule  and  female 
I  •"  b*  easily  flistinguished  by  the  diffei-ence  in  their  colour.  Eixch 
•"Tim  in  contained  in  a  tvipsvile,  which  ii*  pifivided  with  nuclei,  but  is 
«Jierwise  homogeneous.  The  eggs  are  probably  laid  in  strings  like 
1iu«  of  Nemertines. 

These  animals  live  in  fine  sand.  They  saturate  the  sand  in  their 
"■wnediate  vicinity  with  mucous.  Tht?y  fill  their  alimentarj-  canal 
•ith  mod.  and  move  themjselves  by  means  of  their  proboscis,  which, 
"twnateiy  elongating  and  retracting,  dniws  the  body  after  it. 
Ml  the  species  named  were  found  in  the  (iulf  of  Naple.s,  A  third 
JWrthem  bpvcies  of  Ritiaju>glos»us  was  discovered  by  Willemoes-Suhm, 
'  MhJ  deeoribed  as  B.  Knpfferi. 


CHAPTER   IX. 

Vermes. 

)ivuds  teilh  unsetjmeTUed  or  uniforndy  (/loinononioH*) 
fintnUd  hodij.       There  are   tjo   segmented  lateral  apptfndaget.     A 
nutl  muscular  sysleni  and  pairett  excretor;/  carwU  (loater-vascidar 

\)  are  present. 

iCE  the  time  of  Cuvier,  a  number  of  groups  of  animals  all 
■d  by  the  poeaiession  of  an  elongated  laterally  symnietriwil 
^And  bj-  the  absence  of  articulated  limb.s  have  been  cla.sseil 
eelLer  as  Vermes.  This  groiip  includes  such  a  variety  of  forms 
atlenipUt  have  already  lieen  made  to  break  it  up,  and  it  will 
p»  ><e  ueoessnry  at  some  futiu-e  time   to  sejmrate   the  unseg- 
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niented  from  the  xegmented  foiins,  under  the    respective  he»<li  J 
yermes  ami  A  nnelida. 

The  form  of  the  body,  which  is  *ait  luid  Adapted  to  live  in  dtap 
mwliii,  iR  usiiftlly  elongat<?d,  fliit,  or  cylindrical,  sometiiunt  vnthimt 
rings,  sometimes  ringed,  and  sometimes  divid«l  into  segmeota  (nif'Ji 
meres).  In  every  case  wn  can  distinguish  a  ventral  and  a  J<'i- 
liurface.  It  i.s  on  the  fii-st  that  the  animal  moves  or  attaches  it«ii 
to  foreign  objects.  Tiie  mouth  is  usually  place<l  ventndly  at  On 
end  of  the  body  which  i»  directed  forward  in  locomotion.  The  cob- 
traat  between  the  flat,  shorter  form  of  iKxly  and  the  cylindrical  luij 
elongated  seems,  espei-ially  in  the  case  of  the  noit-segment'ed  mini* 
( Verviea  8.  str.),  to  be  of  impoi-tance,  so  that  on  this  grotmd  we  at 
establish  the  classes  of  PUthj/ielninUhes  or  flat  worms,  and  d 
SenvatkdminUien  or  round  worms.     The  segmented  worms  {A  nnSh\ 

possess  a  ventral  chain  of  gnn^ 
in  iiddititm  to  the  brain,  aoil  • 
segmentation  of  the  organ*  whifk 
corresponds  more  or  le»8  will 
the  extenuil  segmentation.  B* 
portions  of  the  b<Kly  which  it 
primitively  alike  and  ai-e  know 
as  segments  or  metaineres  i» 
not  by  any  meana  nlwaw  ■*- 
main  homunomous.  Id  li" 
most  highly  developed  segnxflit* 
worms,  the  two  anterior  s^ 
ments  unite  to  form  a  <li\'UMli 
of  the  IxKJy  which  foi-csluulo*' 
the  head  of  the  ArtAroyoda,  lUi^ 
like  the  latter,  is  pioiwii  by  ik« 
mouth,  contains  the  hniiii,  •H'' 
bears  the  sense  organs  (dg.  Si^)' 
In  the  .-(ucceeding  metnmeres  there  are  also  frequently  variatioi*  <i 
fonn  whiclj  disturb  the  homonomy. 

The  skin  of  worms  presents  very  different  degrees  of  couHirtenw, 
and  covpi-K  a  strongly  developed  muscular  system.  In  tlie  skin  «» 
can  distinguish  u  hiyer  of  cells  {hi/jtodtrmia)  or,  at  any  mtft  • 
nucle<ite<l  layer  of  ])rotopliism  which  fiinctions  as  a  matrix,  ao'J  • 
superlicidl  homogeneous  cutieular  layer  which  is  :iecr9to<l  by  the  tin*- 
named  layej-  or  matrix  and  in  the  lower  wornus  i»  extremely  iLin  »d<1 
delicate.     In  the  NeinntMmt'iU/ifs  it  is  often  laminated,  and  cm 


Fig.  ^15.  lioiul  null  anterior  tCfmieutA  of 
fnnuv  tmeu  from  tbc  dnniiU  mirtnce.  T, 
TentM^IcH  (ir  fuiL«nn»  of  Iho  jimMtomiujn ; 
Cr,  icnliK'nliur  cirri ;  r,  cirri  of  tho 
pitnipodia ;  Br,  limnrlilnl  sppendagu 
of  the  pampudiA. 
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nto  be  8«parat«d  into  several  layers.  It  is  of  considerable  thickness 
iaauty  Antttlitlti  {('fnr/op<Kln),  and  may  be  perfoi-ated  by  jX)res.  Cilia 
«n  foand  principally  in  the  liirnil  stages  of  PlaUjhdminthea  and 
imdida,  Whei-e  there  are  no  cilia,  the  superficial  ciiticiilar  mein- 
bmne,  which  may  project  in  the  form  of  tuljercles  or  spines,  consists 
of  «4iib«tauce  allied  to  the  chitin  of  the  Arthropod  skin,  like  which  it 
auy  bear  cuticniar  foiTuations  of  many  kinds,  such  as  hairs,  bristles, 
Iwb,  etc.  In  many  XaiuUhrAmintheji,  u&  well  as  in  .segiiiented 
IMBW,  this  tltick  cuticnla  gives  rise  to  a  kind  of  exo  skeleton,  which 

the  contraction.«  of  the  dermal  muscular  envelope.  In  the 
'hrtopmlii  among  the  Antirlida,  but  also  in  the  Rotifeni,  the  tough 
iogument  is  divided  into  a  numl)er  of  sections  lying  one  behind  the 

These,  like  the  segments  of  Ai-thropoda,  are  connected  by 

I  [Kirtions  of  skin  and  moved  by  the  dt-nnal  muscles,  which  are 
irideJ  into  corresponding  pi-oups.     The  eutnneous  segments  of  the 

fifera  are  not  true  metameres,  since  there  is  no  segmentation  of 

internal  organs. 

OutHueous  glands  are  very  widely  distributed  ;  they  are  sometimes 

llolar.   sometimes    polycelhilar,    and   are    sometimes    situated 

Ij  beneath  the  epidermis,  sometimes  in  the  deeper  tissu&s  of 

hoij. 

Tile  tissue  which  lies  beneath  the  hyixxlermis,  and  which  we  may 

II  the  cutis,  contains  in  all  cases  longitudinal  and  in  some  cases 
oreiUiu  muscles,  and  so  njnstitutes  u  muscular  cutuMOiis  envelope, 

*  |iriiir)j);J  locomotory  organ  of  woi-ms.     Taking  into  eoiisider.ition 

importance  of  this  dermal  muscular  system  in  the  locomotion  of 

we  must  attribute  a  ceitain  sj'stematic  value  to  the  special 

which  it  assumes,  a  value  which,  however,  we  must  be  careful 

to  exaggerate.     The  .stratification  and  tlie  direction  of  the  fibrea 

of  tiiijs  dermal  muscular  system  is  most  complicated  in  the  Flatyhel- 

'  '  -  anil  in  the  lllnuUneii  amongst  the  C/ifrtnpmlu,  fur  here  we 

' '■  circular  luui  longitudinal  nuusclcs  which  are  euilwdded  in  a 

l*»M  of  connective  tis.sue,  crossed  by  must^le  tibre.s,  which  run   in  a 

•Inrso-vaitnil  direction  (sometimes  also  by  fibres  running  oblirjuely). 

t  2b  tiieee  may  be  addeil  groujis  of  muscular  fibres,  which  serve  to 

^Bch  the  internal  organs  to  the  integument.     Tlie  suckers  of  the 

^VMtic   wormB,    the    pitJ*  and    the  panipmlia    with    their    setaj  of 

r'AofOjM'iA,  must  lie  hnikeil  u]>on:issptx:-ial  chH'creiitiuttonsof  tliedermo- 

aMMOolar  en>-elope.     These  aids  to  locomotion  are  mostly  develoi>ed 

it|MJB  the  rentrnl  surface.     Tl»e  suckei-s  and  their  occcs-soi-j-  hooks, 

etc,   are  situated  either  near  the  two  ends  or  in  the  middle  of  the 
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body ;  the  panipodiiv  are  distributed  in  jMiira  on  the  individiuJ  *t 
ments  along  the  whole  length  of  tlie  body,  and  Wlong  to  thp  iiyrsi  n 
well  U8  to  the  ventral  surface,  ao  that  eitch  segment  btsrs  a  iluml  td 
a  ventral  [Miir  of  ponipoiliii. 

The  internal  organization  of  Worms  is  extmoixluiHrily  nuio* 
In  tho«e  flat  and  round  worms  which  live  in  the  chyme  or  tbe  othr 
orgimic  juices  of  the  higher  animals,  as,  for  instano<?,  the  CtM"^  M'i 
the  Acant/mcey/uda,  the  whole  (jf  the  digestive  appamtus,  uioliiSu.:' 
the  uiunt  h  and  anus,  may  be  wanting ;  the  nutrition  in  >>wh  om 
taking  place  by  osmosis  through  the  body-wall.  When  the  ulini*- 
tary  canal  is  present,  the  mouth  is  usually  situated  ventmllrintk 
ant-erior  region  of  the  body,  while  the  anus  in  placed  either  t«jrmil)«Il.' 
at  the  ix)sterior  end  of  the  body,  or  near  it  on  the  doral  sarfi* 
The  aliinentarj'  canal  is  geuemlly  simple,  and  is  only  exceptii«i»ll; 
divided  into  numerous  portions  corresfiondiug  to  the  special  funrtJow- 
A  muscukir  pharynx  can  must  often  be  distinguished,  abo  *  w 
developed  stomach  and  a  short  rectum  opening  at  the  anu.<. 

Tlie  nerooits  syxteiit  apf>ears  in  its  most  simjile  form  as  an  uni«i'" 
ganglion   or,    when  the    two   j>arts  of    which    it    is   compoje"!  »" 
sepanited,  as  a  pair  of  ganglia  (fig.  76),  which  are  placed  n«r  ti» 
anterior  pole  of  the  Inidy  above  the  cesophngus  and  genetically  Myb* 
referred  to  the  apical  plate  of  Lovdn's  Chmtopoil  lui-va.     The  wrt<» 
system  has  more  rarely  the  form  of  a  nerve  ring  surrounding; 
oesophagus  and  connected  with  groups  of  giuigliou  cells  (.Vr/»itofal 
The  nei-ves  given  off'  fi-om  tlie  siiprn-flpsophageal  giujiglion  nre 
buted  symnieti-icftUy  forwai-ds  and  laterally ;  t.hey  supply  the  »«' 
organs,  and  form  two  sti-ong  lateral  nervous  trunks,  which  nin  I*'! 
wards.     In  still  higher  tyjjes  two  larger  ganglia  ap)>ear,  which  aiveo"' 
nected  by  an  inferior  oommis.sure  {Nemertinea).    In  the  Awulidi*!^ 
d^enei-ated  metivmeres  (Gepht/rea)  there  is  in  addition  to  the  SHIii* 
(esophageal  ganglion  (the  brain)  a  ventril  nerve  cord  conn<vtf4l  "U'' 
the  supraKesophageal  ganglion  by  an  (esophageal  ring.     This  nent 
cord  is  in  all  other  Annelids  divided  into  a  series  of  paired  ganfli^ 
which,  in  most  cases,  corres{K)nd  t-o  the  segmentation.     The  l*trt»l 
nerve  trunks  nppi-oiu-h  each  other  in  the  middle  line  below  tlif»ii 
mentary  canal,  and  constitute,  together  with  their  ganglia,  whicii 
connected  together   by  transverse  commissui-es,  a  ventral  cJiwn 
ganglifl,  whicli  is  connected  with  the  bniin  by  the  cii-cum 
commissures,  and  is  continued  to  the  hind  end  of  lb*'  Ixwlv,  •.n\-imf 
in  its  course  paired  nerves  to  the  right  and  left. 

The  MTue  ori/ans  are  represented  by  eyes,  auditory  apjMi  ■•■ 
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ictile  organs.  The  latter  are  joined  to  nervous  expunsions  and 
WEUil  int^umentary  apj)endagej>  (tactile  haii-s),  and  are  present 
•en  in  the  parasitic  Worms  as  impilbe  of  the  outer  skin  connected 
:th  nerves.  In  the  free-hving  worms,  these  tactile  organs  fre- 
ently  take  tlie  form  of  filiform,  tentacle-like  appendages  on  the 
ki  and  segments  (cirri).  Auditory  onjana  are  not  .so  geneiully 
teent,  and  are  represented  by  aitditori/  resides  (otocysts)  either 
ng  on  tlie  brsiin  (some  Turhdlaria  ami  Xemertinea),  or  on  the 
oplwgeal  ring  (cert4iin  bninchiate  Worms  among  the  Annelida). 
e  organs  of  sight  ai-e  .simple  pigment  sjxjta  in  i-onnettiou  with 
rves  (r.in-sjxiU)y  and  may  l>e  provided  with  refractive  iKxlies.  The 
bkUd  pits  of  the  XvnurliMa  have  been  regarded  lus  organs  of  smell. 
■  cup-shaped  organs  of  the  lliriulinea  and  Gephyrea  are  also  sense 
{Has. 

A.  Uood  vascular 
«t«m  is  wanting  in 
8  Senuit/ifliiiinthes, 
6  Jtnti/ern,  and  the 
tUi/MmiiUhes  with 
*  exception  of  the 
erlinea.  In 
caries.,  the  nu- 
Uve  fluid  passes 
iosmotically  into 
e  body  piu'enchyma 
into  the  bodj'  cjiN-i- 
•iid  penetrates  the 
neBiiB  a  clear  chyle,  sometimes  containing  cellular  elements.  In  the 
Miertinm  a  blood  vn.soular  .system  is  preweut,  lusidso  in  the  (Jejifiyreti 
I  Annelida.  In  the  latter  ituht<un.s  the  hightist  develojiment,  and 
?  liave  the  form  of  a  completely  close<l  va.scular  system  provided 
'i  pul.-^'iting  trunks.  In  most  case-s  a  dors:d  contractile  longitu»liiml 
ik  and  u  ventral  vessel  can  be  distinguished  ;  the  two  being 
lected  in  each  segment  by  ai-ched  transverse  vessels,  which  ai* 
Minied  pulsatile.  Where  a  vascular  system  is  present,  the  blfM>d 
■tot  always  appear  clear  anil  colourless  like  the  fluids  of  the 
Httvity,  but  sometimes  has  a  yellow,  greenish,  or  more  frequently 
xjlour,  which  is  in  some  oises  connected  with  the  presence  of 
}  corjju.stles. 

te  function  of  respiration  is  iLsmiUy  performed  by  the  general 
maX   8Ui*face  of  the  body.     Among  the  Annelida,  however,  we 


Fia.  ^MA.— Section  Ibrnngh  a  bixly  negninit  of  Saniet.  Br, 
brftuchiikl  ApiieiiUagei ;  C.  cirri ;  F,  parapodia  with  tuft 
ol  briitlu  1  D,  intestine  j  J^^  nen'oiu  »y»t«m. 
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tint!  in  the  large  murine  C/uelo/Kxla  filiform  of  brnnched  gilLs  »k*«  I 
ai-e  usually  appendages  of  the  parapotlia  (fijj.  246).  A  res[iiriiiir  I 
function  miiy  also  ]>e  attril)ute<l  to  the  tentaclen  of  the  (JtjJii/r'i 

The  excrftor;/  organs  are  repj-esented  by  the  so-called  wmer™" I 
cular  system,  which  consists  of  canals  of  different  sizes,  symnirtnollj 
aminged  and  tilled  with  a  watery  fluid  in  which  /LTtHuule.s  hit  «»  ' 
jiendctl ;  they  communicate  with  the  exterior  through  one  on 
openings.     Tlie  canals  liegin  either  a-s  small  pas&i^<  in  th>f  tL<aiiad 
the  Ixxly,  or  free  funnel-.^hajK-d  openings  in  tlie  body  oivitj.  ^\ 
the  liust  ca.se,  they  maj'  siibsen'e  other  fiinctions  ;  for  ejaimple,  liifjl 
may  conduct  the  genemtive  products  out  of  the  l>ody  cavity.    Uty 
segmented  Vermet  they  ai-e  paired,  and  are  repeated  in  each  i 
as  iifphridiu  or  segmental  orijnnn  (fig.  70).     A  different  ■.>< 
is  pivsented  V>y  the  two  laterid  caniils  of  the  .VriutU'jdii.  • 
the  soHsalled  lateral  lines  or  ar»i«,  and  open  by  a  comm' 
pore  in  the  region  of  the  plmrvnix. 

In  addition  to  sexual  reproduction  an  asexual  multtpliciti.j> 
means  of  gemmation  and  fission  (ittrely  by  formtition  of 
cells)  16  widely  distributed,  especially  among  the  lower 
This  asexuid  reproduction  is,  however,  frequently  confijiwl  to  tl» I 
larvie,  which  differ  fivm  the  sexually  matuii?  animal  in  form  »»| 
habitation,  and  play  the  part  of  an  u-sexual  gencnition  in  the  <™ 
of  development.  Almost  all  the  I'latyhflmintlKx  and  tiuan*! 
Anneluin  are  Uermniiiifodite  :  the  Xfiiitfi/MiiittUfnn,  the  (?#^iyrw,»"l 
Eod/em,  ami  also  the  branchiate  Annelids  are  of  separtiie 
Many  Worms  piu>4s  through  a  mebimorphosis ;  the  larvte  are  ( 
terLseil  by  the  [)Os.seKsion  of  a  pniHind  ring  of  cilia  (Ijovcn*  Iwlj 
or  of  several  rings  of  ciliit.  In  tlie  Cestoda  and  TrtntattAx,  irlii^ 
possess  in  their  embryonic  stage  the  capability  of  asexual  iwpn 
tion,  the  metamorphosis  assumes  the  form  of  a  more  or  le»  i 
plicate<i  alternation  of  generations  which  is  often  chamrti 
by  the  dilTereace  in  the  habitat  of  the  two  suoceasiw 
of  development  and  by  the  alternation  of  a  parHsitio  uvl 
life. 

Tlie  \dtal  activity  of  the  Worms  is  in  general  of  a   low 
corres|)onding  with  their  habitat.     Many  of  them  (Entozon)  li^^i 
jNinudtes  in  the  interior  of  the  organs  of  other  auiimUN  «JiD*j 
ect«|>arasitcH  on  tiio  external  surface  of  the  body,  and  fp»«il  oo  I 
juices  of  their  hosts.     Others  live  free  in  damp  earth,  or  in 
others,  and  these  are  the  most  higlUy  organized  forms,  inhabit  f»| 
and  salt  water. 
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CLASS   I.— PLATYHELMINTHK8. 

Veriiiu  toiUi  nfl<U,  nwrt  or  legs  eloru/ated  body,  loitli  eerelral  garv- 
ii(n>.    They  are  o/len  provided  wiUi  tucker  a  u/iul  hooka,  and  are  usually 
hjBtiniiph  roilite. 

The  seriett  of  forms  inchided  under  this  clas8  are  mostly  Entozwi, 

else  livf  in  the  mud  mid  lieneatli  stones  in  the  water.     In  their 

pinization  they  occupy  the  lowe^it  pince  among  the  worms.     Their 

iy  is  more  or  leas  flattened,  and  is  either  unseg^mented  or  is  divided 

transverse  constrictions  into  a  number  of   sucoessivo  divisions, 

eh,  although  forming  pai-ts  of  one  iinimal,  yet  have  a  strong 

B<lency  lowartis  individualisivtion,  and  frequently  attain  to  ssepara- 

»nd  leftd  an  independent  life.     These  segments  are  products  of 

I>^vth  in  the  direction  of  the  long  axis  of  the  liixly,  and  stand  in  a 

relation  to  rei>ro(hiction.     They  are  by  no  means  to  be  con- 

:  ft.-*  necessarily  indicating  a  high  grade  of  organization,  a.s  does 

segmentation  of   the  Annelida.     The  nlimeiUary  canal  may  be 

ogether  wanting  (Cestoda,),  or,  if  present,  may  he  without  an  anus 

rmatmltt,  TurbeUarin).    The  neriiins  ayatan  is  usually  composed  of  a 

ible  ganglion  above  the  oeEophagus,  giving  off  small  nerves  anteriorly 

laterally,  and  two  stems  bHckwar<ls.     In  many  PUityhthuinthea 

ttple  eye-spots  occur,  either  with  or  without  refractive  Ixjtlies,  and 

nii"ely  thei-e  is  an  auditory  vesicle.     Blood-vessels  and  organs 

rwpinition  are  found  only  in  the  XemeiiincM.     The  excretory 

^■ater  vascular)  system  is  everywhere  developed.     With  the  excep- 

•oD  of  the  Microatomida  and  Neinerthiea,  hermaphroditism  is  the 

lie.    The  female  genenitive  glands  consist  of  distinct  yolk-glands 

nd  ovaries.     Tlie  development  very  fre(|uently  takes  phice  by  a  very 

Hied  processs  of  metamoj-phoais  connecteil  with  alternation  of 

Rtions. 


Order  I.^Tlrbellaria.* 

Free  liviny   PlulyhelmintJiea    with  ovtd  ur  Unf-ahaped  body,   wilh 
akin  covered  ttiitli  cilia.     They  jjoaaeas  a  moiUh  and   aproctoiu 

Vagis',  "  Rochprchea  9ur  ronjanieation  et  les  mociirii  fie   Plaiinire.-i."  .Inn. 

.<*-.  -Va/.,  Scr.  I.,  Tom  XV.     A.  S.  Oerstodt.  "  Kntwurf  eiiiur  systcmatischen 

Btlirilnuj;    mid  Hpcoiplk-n  BcschrcibuDK  der   I'lattwiirmern,"  Copt^nhat'cn. 

[ip  Qimtrefnge«.  "  Mi-moire  sur  quel(|iiCH  f'lnnariws  marines,"  Anii.  rite 

.Vat..  imr>.     M.  Schultjc,  "  Beitriigc-  zur  N.iturBewliicblo  der  TurbcMarien." 

iffwald,  1801.     I.,  t'truff,  "Zur  KeiiiUiiis.s  der  Turbellmien,"  Jifiijiclirijf'/Ur 

I.  JSiuil..  Tnm  XXIV.     L.  Graff,  "  Xeuc  Miitheilun;,'fiu  iibcr  Turljellaricn." 

*.  /.   triu.   /<Hil..   XXV.,    lH7o,     P.    Hallcz,   "  Cuntributioiis  A    I'bistoire 

tniellK  d»  TurlxJlarK-g,"  Lille,  1S79. 
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Hookt  and  attekers  are  abterU.     A  eereMj» 


I 

>ei,tl 
I  do  *« 


alimentary  canal, 
M  pretent. 

The  TurbeUariu  usually  potisois  an  ovivl  flattened  bod;,] 
only  a  small  sue.     The  uniform  ciliation  of  the  body  i<  i 
with  their  exLiteuce  in  fresh  and  salt  water,  beneath  istoDei,tl 
and  even  in  ilanip    earth.      Only  in  exceptional   cases  do  •« 
with  apjmratuses  for  adhering,  viz.,  small  hooks  and  suck 
The  .skin  consistjs  of  a  single  layer  of  cells,  or  of  a  find^ 

liiyei-  containing  nuclei,  which  is 
poi-teil  by  a  stratilied  luksal  menl 
and  covered  ejcteraally  by  »  * 
homogeneous  membntne  beariBf! 
and  ooiiipai-able  to  a  cutictila.  P« 
integiuuentary  .stioictures,  which 
the  form  of  rods  or  spindles,  ao^ 
the  nematocy.sts  in  Cielenttntta, 
their  origin  in  cells,  are  not 
quently  present.  Various  pigma 
.'ilso  often  found  embedded  in  tl 
dermiii,  and  of  these  pigments  the 
coloured  vesicles,  in  Vort«x  ririt 
example,  which  oi-e  identical  wit) 
ropbyl  eorpu.scles,  are  specialli 
of  i-emark.  Pear-sliaped  m« 
arc  also  present.  Beneatli  tbd 
ouis  basement  membrane  which  »i 
the  epidermis  lies  the  deruiL*. 
tains  the  strongly  developed 
muscular  .system  embedded  in  %  i 
tive  tissue  layer  formed  of  rtntu 
bmnched  cells.  A  body  cavity  I 
the  bo<1y  wall  and  the  alimeatoi] 
is,  as  a  rule,  absent ;  it  uiaj^B 
in  many  cases  be  recognised  ^Hj 
of  lacunte,  or  as  a  eontinuoui 
surrounding  the  alimentary  oan 
The  nervous  si/gtem  consists  of  two  ganglia  connected , 
missure,  and  giving  off  nerve  fibres  in  various  dii-ectioo 
two  especially  large  lateral  trunks  run  backwards,  one  on' 
(fig.  247),  Tlie  latter  are  connected  at  regular  intervals  by 
tniusverse  trunks.     In  a  number  of  dendroooelous  Turbella 


cJaU^ 
tb^ 


'Rttb  tl7. — AlfmcntAiy  oanAl  Andner- 
TOOa  ip^m  (>'  HrwMlonnim  Skrrm- 
hrrgii  (after  OralT).  O,  Uio  two 
ccrobnkl  gHsgUn  witU  two  eye 
s|)Oti) ;  8t,  tbo  two  lAtentl  iierro 
trunka  ;  D,  alimentary  cnual  with 
mouth  iind  pbaryux. 
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[ Qivetticultun   of   the  stomack  runs   forwaid   above   the  transverse 

I  oommjasure  in  a  groove  between  tlie  two  cerebi-al  loljea  {I^ptoplana), 

la  some  genera  of  Planarians,  a  riug-shiii>e«l  duuble  commissure  has 

;  Been  shown    to   exist  in    the   brain    {Poli/cdiii),   and   ganglion-like 

swellings,  from  which  nerv&s  are  given  oft',  have  been  observed  on 

the  laUral  ner\-e-trunk!«  {Sp/iifrocep/ialiis,  Poh/cladu-n). 

With  regard  to  sense  oi-gans,  ni/e  apoU  are  tolerably  widely  distri- 
buted among  the  TurbtUai-ia.     They  either  lie  in 
I  pairs  upon  the  cerebntl  ganglia  or  are  connected 
w^ith  short  nerves  given  off  fi-om  the  latter.     More 
[wwquently  two  larger  eyes  with   refractive  struc- 
Muresi   iire    developed.      Ot-ocysts    are    l>ut    i-arely 
y**fe«it,  it.ij.,  in  Mi/iuKvJit    among  the  Rhabdocuila 
^Bingle  one   i&   prenent  lying  upon   the  cerebral 
*Bplion.     The   integument  is  without  doubt  en- 
dowrtl  with  a  highly  develoi>ed  tactUe  sense  ;  the 
"fge  hitii-s  and  stiH'  bristle.s  which  project  l>etween 
*«e  cilia    may  possibly   be    of    imjH)itauce  in    this 
*'«'i«tion.     Lateral  cilLited  pita,  wliieh  may  also  be 
^ijiLiined  as  sense  organs,  are  in  nvre  ca,ses  present 
"t  the  anterior   end   of    the   body    (compare   the 

Mouth  and  digestive  apparatus  ai"e  never  wanting 
'  but  the   foi-mer  is   fretpieutly  removetl   from   the 
i  ventral  surfitce  of  the  anterior  end  of  the  body  to 
[the  middle  or,  indeed,  even  to  the  posteiior  region. 
'According  to  Metschnikott"  and  Ulianin,  a  stomach 
may  in  some  ca^es  be  absent  {ConvohUa,  Schizo- 
proni),  anil  1m?  repbiced,  as  in  iDj'tisoriu,  by  a  soft 
internal    |)arenchyma.     Tlie    mouth    lejids    into    a 
muijcular  phaiynx,  which  oiu  usually  be  protruded 
aSter  the  manner  of  a  prolx>scis.     The  alimeutai-j- 
canal,  of    which    the    internal  wall    is    frequently 
ciliated,    is    either    forked    iu>d    then    simple    or 
inched    {Dendrocirla),    or     I'od-shaped    {Rhuhdo- 
!««).     An  anus  is  never  present.     A  peculiar  tube  capable  of  being 
evaginuted  as  a  proboscis,  and  without  connection  with  the  pharynx 
L^B  aoinetimes  also  present  (^Pronto  in  urn). 

^B  The  excretory  (water- vascular)  ni/gtem  consists  of  two  transparent 
r^^lml  trunks  and  innumenible  side  bniuches,  which  Iwgin  with 
'    etoMd  ciliated  fumiels,  and  are  fumi*hed  with  \-ibratile  cilia,  whii'li 


Via.  HI).~Xwrotl<^ 
mum  lin»arp,  after 
GnR.  O,  ChHin 
prudueeil  by  fls- 
Bion ;    (y,    mouth 
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project  here  and  there  freely  into  the  vessels.     As  k  rule, 
openinffs  owmit  on  the  miiin  tniuk  of  this  excretory  itppanttns. 

Repi-odurtion  miiy  t«ki>  jiliu*  iisexuully  by  transverse  fisaon, 
Henatomtu    {CtUetiuln)    und     MicroxtviiK'a    (Hg.    248).       Witli 
exoeption  'of  the  MierotUmiea,  the  TurttrUaria  are  henunphroilici 
but  st<'j>s  intermediate  between  the  hermiiphrodite  iind  the  diieci 
condition    seem    by    no    means    to    be   wimting,    for,   accxirdin^ 
Metschnikoff,  in   Prottomum  Untare  the   niftle   ((enerative 
are  tiomctiines  developed,  while  the  female's  remain  mdinienUry 

und     atmietimers     on     the    ot)i« 
hand,    the    reverse    holds.     I| 
Acmnntomnm     diircnm    iilw    tlirf 
8exe<  lU-e  sepamte.     In  the  ^ler- 
iuaphrodit«  forms  the  male  texwl 
or<,'iiiis   consist    of    t<>st«K,  whui 
lllo^tly  lie  lis  paired  tube"  at  tlw 
sides  of  the  l>ody,  also  of  vw- 
cube  seniinides,  and  of  u  protn- 
sible  fopxilntoiy  or^n  lnwet  witk 
hookt«.     The  female  orpvns  tii»- 
sLsl     of     ovai'ie^,     yolk    glsni'' 
(vitellarium),     a      recepwculu" 
seminis,  a  vajrimi.  und  ii  nuw 
(fig.    249).       The    male    cu]"!!* 
tory  organ  and  the  vagin»  o|*' 
ii.s  a   rule    by  a    comiuon  oriii'* 
upon  the  ventml  siirfni-e.    Some- 
times,   as    in    the     RliaMccal* 
genus  ilojoroHtotiKtiit,  the  viwll*' 
rium    (yolk    gland)    and    avtS] 
are     tinited;     the     ova     luiiif 
pi-oduced  at  the  upper  blinJ  Hi^ 
of  the  ovai-y,  and  the  yolk  at  lb» 
lower  end  of  the  same  gland.     In  tlio  marine  Dendi-occela,  oo  >1» 
other  hand,  the  vilelliirium  is  geufifdiy  absent,     Aft*r  fertiliutUan, 
a  luiixl.  Usually  re<ldii>h-bi-own  sliell  Itegins  to  be  formed  rotinil  ikf 
oviim.     Ill  dUeh  cuMeK,  the  hard-shelled  eggs  are  laid ;  but  itmun^  ibf 
Rlmbdoctpla,  in  Schizoitloinum   und  cerfnin    Mnostomrn    (M.   A'Amt- 
btTffit),  trun.sparent   eggs    furnisheil    with  thin,   roIo>irle>i.s   cnpeuUs. 
and  undergoing  development  in    the  Ixxly  of  the  pirvnt,  are  oftrti 
produced.     Accoi-ding  t-o  Schneiiler,  the  production   of  these  thin- 


Fio.  2IU.— <tcuumtive  uppiiriiriu  of  3ftmi^*h 
mum  EhrriJtiryii  (coiiil>ilir(t  fnim  OmlT 
Mill  8i:hnt<l(lcr)L  S,  Phiir.%-n>  ;  Oo,  Kxual 
oiwuinifs  t  Of,  ovnry;  I't,  nterii>,  wiUt 
winlcr  ritgt ;  Po,  .rolk  gland ;  Dg,  ilncl 
of  ynik  (rlmi'l ;  T,  lc>M>  :  !'</,  vu  ilefereiu  : 
P,  |>«iii»  ;  £1,  r«c«|iUtculuni  Miolnim 
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mmmer  eggs  invariiibly  precedes  thnt  of  the  hai'd-shelled 
'  eggi,  and  the  siiiumer  eggs  are  normiilly  self-fertilized. 
fare   cases   the   hemaphrodite    generative   organs   present    a 
station  recalling  that  of  the  CeModa  {Aluurinn  comjiositn). 
fte  freshwat-er  Turbdiaria,  as  well  as  many  of  the  marine  forms, 
pgo  a  simple  direct  development,  and  in  the  young  state  are  often 
fc*"t  U)  distinguish  from  Infusorin.     Other  maiine  Dmulnxntla 
wrgo  II   metamorphosis,   the   larva;   being  chai-acterised    by   the 
iB^wion  of  finger-shaped  ciliate<l  lobes  (tig.  251). 
f)  Sub-order  :  Shabdocoela.     The  body  is  round  and  more  or  lass 
^    The  intestine  is  cylindrical,  ami   tlun-e  is  ustiatly  a  protrusible 
Hynx.    Tliey  are  u.sually  herniuplirodite. 

Die  Rhabdoccelous  Turbelliirians  are  the  smallest  and  most  simply 
iHiised  forms.  The  intestine  is  cylindrical  and  flongated,  and  is 
Itetiffles  pi-ovided  with  latenil  diverticula.  The  i>osition  of  the 
itL  varies  exceedingly,  and  has  been  employed  as  a  princip\l 
pcterintic  for  distinguishing  the  various  families.  Sometimes 
l*ry  glands  are  present,  o])ening  into  the  pharynx.  According 
lianin's  di.^covery,  which  lias  been  several  times  confirmed,  the 
utary  canal  may  be  wanting  in  many  forms,  and  be  replace<l 
toantral  cavity,  filled  witli  a  sul)stance  containing  nomt'iious 
and  rich  in  oil  ghiVmles  {JJonrohiUt,  Milzoprora,  Atuliiw). 
Rhahdoetela  which  possess  an  alimentary  canal,  interstices 
aces  in  the  connective  tissue  parenchyma  are  often  present : 
^mast  be  rehited  to  a  lio<ly  cavity.  In  some  cases  (in  I'roslovium) 
hly  cavity  may  be  recognised  as  a  continuous  sjMice  filled  with 
and  sun-ouuiling  the  alunentary  canal.  The  Hhnhdocala  live 
lie  juices  of  small  wonus  and  of  the  larva'  of  Etitoinostrtiai.  and 
Ma,  which  they  envelop  with  a  cutaneous  secretion  containing 
Irods,  and  afterwariLs  suck.  They  are  mostly  inhabitants  of 
I  water,  and  only  a  few  of  them  are  tn  be  met  with  in  the  sea 
jpn  the  land  (Geocentrophora  spfi i/rocephiiJn). 

tu  OpUthomidn.     The  muuth  is  ))laoe<l  at  the  pnntcrior  end  of  the  body 

t»ls  inl'i  n  tulMilar  pbarjiix,  which  can  ho  prolrudefl  like  a  proboscis. 
lif  ii^itin  M.  Sch.,  Opii/hominti  pnlliihuii  O.  S. 
y  Oerottomide.      Mouth    phicuil   slighily  Itiliiml    tlie  anterior  nmrsrin  ; 
hx  barr'-!-sh»p*-*il,     Itrnmtumum  SrhtitiiititiuHm    M.  Si-h.,    Vortrj'  ririiJiti, 
p..  I'litiiitila  liiiiiur  Dug. 

Jfeioitomidie.     Mouth    |i!ac«>I   nearljr   in    tlic  middle  of  the  boily, 
riuifUko,  cylindrical  or  reseniblin);  a  sucker.   .VcwirfowiH/H  KhrrHberijii 

I  two  eyes. 
Co&Tolatide.    (_.\coeUi).    Without  alimentary  canal.     Tlie  ovaries  and 
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Omt.     C  fmnuUam  Omt,  Sol*| 


TW  mmA.  vUeh  ii  tHaate  on  the  rentnl  tnufKcl 
|ifc«ijin      •*»  the  aaterior  cod  there  is  a  protninble  t»t€fc ' 

-  «itk  ft^iDM.     Pnatmmm  Ocm.  (Gyntnr  Khrtw.).  A 
With  jMoteA  pcnml  ipiar  at  the  pocterior  end,  iiupTifMilxj 
Un^g  laiadfal^  ia  boh  water.     iV.  hetgeiMtdi, 


»■■!«  Oknt. 


JUtU^rmts  with  acfaimu  Mtxes.    The  unali  bat  m; 
tke  iiifllini  e»d  ot  tlte  body.    There  an-  Uu 

(■Uccd  riliaUxl  (>it«  neat  t 
anterior  etui  of  tJir  t»l;^ 
Komution     of    metair 
and  tninsTer>e  fimuo  f.« 
^nentlr    occur,      iftrn 
■■•«    (wMvrr    Oeist    (I 

(3)   Su]>K]rder:   Des- 
droo(Bla.     The   bodr 
bptwd  and  flat,  asd  tb 
lateral  niar;aii»  are  ofl 
plicHted.     There  are  trt>! 
tacle-like    pruoessej    rt  I 
tin*  anterior  enJ.   Tin*  ] 
is  a  branched  alimeotaTj 
canal    oud    a    musrultf 
pharynx  which  is  um- 
ally   prx>tnisible.    TbsT  . 
are,  as   a   i-ulc,  henna-  j 
phrodite, 

Tlie    iJendtveala 
mostly  marine,  bat 
live  in  fresh  water  atid| 
on  l.-ind.     In  their  ej- 
t^rnal    jippeiiraiicf  thef 
resemble     tlie     Trvsu- 
todes,  and  the  branching  I 
of     their    struighi    or' 
forked    inUwtiae    it  » 
chnmcter  common   to  the  larger  species  of  the  latter.     Compardl 
witl»  the  llhiiliilocirla,  they  are  di.stin]fruished  by  the  greater  de*'«lop- 
meut  of  their  hi-lolied  c-ewhral  ganglion,  a.s  well  as  by  the  gtwat*" 
tmmlier   of   their   eyes    (fig.    2r)0).      The   rows   of   papillin,   or  tin . 
tent»ifle-like    processes    at    the    anterior   end    of    the   Iwdr   hawj 


Fio.  2S0.— AimUnn.r  of  Pal  feet  f  pallida  (nfWf  QuAlr»- 
£k|{«).  O,  Cerelinil  ^axigUriu  vn\h  the  [ior\-e6  ffirvn 
off  frum  It ;  O,  mouth  ;  i>,  lintnche*  iif  intettiue ;  Or, 
ora;  M,  ovidUL't;  r.  Tftf^na ;  W.G'h,  frawle  (feno- 
fattre  opeuin^ ;  r,  teitc* ;  MMor,  miilo  frsnemtire 
opanlnx. 
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probably  the  function  of   tactile  orgiins.     Tlie   mouth    iiMinlly  lies 

in  the  middle  of  tlie  body,  and  lends  into  a  wide  aad  pi^tnisible 

^■arynx.     The   skin  is   often   provided   with   glands,  the  secretion 

^w    whii'h    in    certain    land    PUmarin    (liijmlium,    RhiinclnKle^mus) 

bonlens  to  a  fibrous  web.     They  are  almost  always  hermaphrodite. 

^e  fresli-water  forms  possess  a  common 

nerative  opening,  while  in  the  marine 

IS  the  geneiiitivc-  openiug>  are  usu- 

»ep(»rate  (fig.  250).     In  the  latter 

a  sepanite  vitellarium   is  absent. 

some    murine    forms    development 

kes  ])lace  witli   metjimorphosis,  as  is 

own  by  the  hirvii  di.scovered   by  J. 

Miiller,  which  po8ses.setl  six  provi.sional 

Eer-like    ciliiitwl    lobas    (fig.    351). 
the  fresh-  water  PLvnarians  develop- 
\t  is  dii-ect.     The  cocoon,  when  laid, 
'eontfuns  four  to  six  small  egg.s.    At  the 

twe  of  segmentation  there  is  developed 
layer  of  cells,  which  is  said  to  split 
to  two  layers,  an  upj>er  or  niiimal  layer,  from  which  are  derive<l 
the  l>ody  wall  and  muscular  system,  iiiid  a  lower  or  vegetjitive,  from 
which  the  alimentary  canal  is  formed.     The  murine  Dtiidrocrein  fre- 
^mently  de{X)sit  their  eggs  in  the  funii  of  lu-oad  1  Kinds. 
^^  1.  Monogouopora     Stimps.        Den- 

^Hflk  ^^  ^         drocida    with    single   sexual   o|>ening. 

^^^B  ^V  F^         The  limd  and  fi-esh-water  Plannria  be- 

^1  ^^  ^1         Imig  to  this  group. 


Fin.  351.— Larva  of  EnryUpta  aprt 
nhil<i,  ufter  Hnllei. 


Ftim.  Flanariads.  I'ln'  bmly  is  nf  a  long, 
oval,  Hnttonod  shape,  aud  is  ofU'n  provided 
with  lolled  prwe-s»cs,  more  rarely  »vith  tou- 
tacles,  nnil.  as  a  ruk-,  with  two  eyes,  which 
are  provided  with  leu-sos.  Planaria  0.  Fr. 
.MiiUer.  two  e.ves.  no  tentacles.  PI.  tnrra. 
M.  Sch.  (divided  tiy  0.  iScbmidt  into  lugiihri'< 
jiiili/i-hritii,  anil  turni)  (ti|;.  2.'>2).  PI.  dioiia 
Clap.,  with  separate  s-cxes.  HcHiirncwI/MiH 
Oerst.  Distiiiiniislietl  l>.v  the  |io»isession  of 
lobcd    profiessea  on   the   heail.   also   by   the 

letice  of  a  copulntory  orginn  placed  in  a  special  sheath.     P.  lactium  Oerst., 

ij/etlh  iiigrii.  hninnra  O.  Fr.  Miill. 

rain.  GeopUnidB.  •      I,»nd   I'lanarians.     They  are  rlmnu-terised  by  their 

Beside*  M.  Schultxe,  StimiMon.  Metschnikoff,  Onibe.  etc.,  comiiarc  H.  N. 


—Plamirui    ftulyrkffia    (tt), 
t  (b),  turn  (r),  k\uml  twioo 
naliinU      sixo     (attor     O. 
l.tl). 
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elongat^^l  niiil  flnttoneJ  Ixxly,  wliii-h  in  pniviiKylwitU  h  font-like  reiilral  ruriv. 
Grojilaiui  lajiulieoUi  Stiiuiix.,  IthyHrhodrtmut  terrextri*  Ora.  (_FaJiri->U  trrrriini, 
O.  Kr.  MUllcr),  Eu^lpc.  Ofixletmui  hiliiifiitti*.  Metachn..  with  thrcxl  ocQi  a 
the  iotegann-nt.  fooiid  in  jwtter's  earth. 

2.  Digonopora.     Dendrocala  with  double  sexual  optening.    Alma* 
all   ai-e    mariue.     The  probohcis  is  often   folded  and   lies  withio  *] 
special  punch.     When  protmded,  it  spreads  out  like  a  lobe. 

Kam.  Btyloehida.  The  IkxIj  is  flat  bihI  rather  thick,  and  is  jiroTided  «iU 
two  short  tentacles  on  the  head.  Tljcrc  are  usually  numcroas  erct  no  ikr 
ent4icles  iir  nn  the  bcati.    The  genital  (ipunings  are  posterior.     StgUriui  »tn- 

til*  Qimtr. 

Fani.  Leptoplanida.  Body  flat  and  brond,  usually  rery  delicate  CrjiW*' 
region  not  distinet,  without  tentacle*.  The  eye*  are  more  or  lei»  uuinaM* 
The  mouth  is  usually  plaectl  in  fn>nt  nf  tho  middle  of  the  body.  The  eaiii 
o[>i>ning8  lie  behind  it.     J^ptuplana  trrmrllarit  O.  Fr.  Mill!..  Molitemnas. 

Kam.    Eoryleptida.    Biidy   broad,   and    either  smooth   or    funii*hel  *i'k 
pnpilliu.     Theri;  nrv  two  tentacle-like  lobes  on  the  anterior  region  -jf  th(b»' 
The  month  is  placed  in  fmnt  of  the  middle  of  the  body.     Xumcrinu  cy»f  , 
ilisposcd   near  the  anterior  mai^n.      Marine.       7%^m i><o>i>»    DiftinfH  "'• 
Mediterranean.     Enrylfjita  auriculaln  0.  Fr.  Miiller,  North  Sea. 

Ord^ir  2. — Tbematoda.' 

I'nrrutUic  Pluty/ielmirUJum  wM  lumegiiicnied,    iituallij  lifnj'-thap^' 
rurdy  ci/lindrio(U  bodi/.      Tlif.y  posxesn  a  moiiUi  ajui  ventniHij  [i<*^^^^ 
organ  for  attnchment :  Ut«  inleatine  is  forked  niul  without  an  nnv*. 

The  Tremntodes  are  with  gi-eat  pivbability  to  lie  derive»l  ft"*^" 
the  TnrhrMHria,  with  which  group,  lioth  in  form  and  orgnniwti*-"''' 
tliey  show  a  close  reltitionship.  In  connection  wth  their  punt***-" 
mode  of  life  they  develop  special  organ.s  for  adhering,  suck  *^ 
suckers  and  hooks.     Cilia  are  present  only  in  larval  life. 

The  mouth  is  iiivuriably  placed  at  the  .interior  end  of  tbi'  \<o^l 
usiuiliy  in  the   middle  of  a  small  sucker  (tig.  iSS).     It  tradd  in^ 
a  musculiu'  pharyn.x  with  a  more  or  less  elongated  issophAgns,  whi< 
is  prolonged  into  a  forked  intestine  ending  blindly. 

Moscley.  •'  Notes  on  the  .Structure  of  Several  Forms  of  I^nd  Planarionf," < 
JiivrHal  of  Mirr,  Sc'tiner.  vol.  xvii. 

•  A.  T.  Nonlmanu.  "  MikrojiT-iphische  Bcitrii/c  itur  KennUuK^  ■l.i 
Thiere,"    Berlin.   1832.     G.    li.   Cnriis,  ••  Heolmchlnng   iilier    I 
paradoxum.  etc.."  jViic.  Jrf.,  vol.  xvii..  1SS6.     \Vn<?ener.  "Utli 
elciianii."  MiiUcr't  Arrhiv..  IMfiO.     Van  Bonc»lfn. "  Mtmoire  k.ui   K>.  n;i»j 
tinnux."  P.iri.s.  IKill.     K.  Zeller,  ••  Untorsuehunjjen  iibcr  ilii'  Entwickclno 
(leu  Ban  von  PolvKtoma  intc^'crriraiun.  /rit^rlir.  f.  vci't.  X>'i<].,  rol.  ixii.; 
E.  Zeller.  ■•  UnttTSuchungou  iilK-r  die  Kntwickelunir  von  Dinloioum  \* 
um.''     Uiid..  vol.  xxiii.,  l»7:i.     E.  Zrller.  "  I'cbt-r  I/eucoehlondiuui  pan 
uml   die   wcitcro    Entwickclunp  seiner   Uisloniumbnu."    VAirf.,    Tom  XXft.  ' 
E.  ZcUer,  ■•  Weiterer  Beitragzur  Kenntnissder  Polystomecn,"  Ihid.,  xirii..  !??•■ 
Compare  also  the  works  of  G.  Wagencr  and  Du  Fllippi. 
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f  txtrtiory  apparatus  consists  of  two  large  lateml  trunks  and 
network  of  Ijjie  vessels  [)erinejiting  the  tissues  and  beginning  with 
ciliated  lobules.     Tlie  two  large  tnuiks  open  into  a  common 
.ractile  vesicle,  which  opens  to  the  exterior  at  the  posterior  end 
le  body  (fig.  253,  A'/*).     The  excretory  .•(ystein  contains  a  watery 
id  with  gi-anular  conci-etions.     Thi.<<  fluid  i.s  j>rol>!\bly  an  excretorj' 

Curt,  corresponding  to  the  ui'iue  of  higher  aiiimuls. 
le  TMrroiMT  tijstem  oonsi«ts  of  a  double  ganglion  lying  above  the 
vpliagus,  and  fi-oni  it  several  small  nerves  and  two  postei-iorly 
Rteil  lateriil  trunks  are  said  to  l>e  given  ott".  Eije  ttjmU  with 
nctive  bodies  are  sonietiweti  present  in  the  larvxe  during  theii- 
pTitiouK.  Locomotion  is  etliected 
the  dermal  muscului'  system  and 
organs  of  att^ichment,  \it„  the 
and  hfwks,  which  present 
erous  mo<liticutious  in  ainnber, 
,  and  arnuigement.  In  general, 
size  and  development  of  these 
Ou  are  itlated  to  the  eudo- 
^tic  or  ecto-parasitic  mode  of 
In  the  endo-pai-asitic  Trema- 
they  ai"e  less  developed,  and 
lly  consist  of  theonil  sucker  and 
ind  largei-  sucker  on  the  ven- 
'ace,  either  near  the  mouth, 
}}isluiiiuiii,  or  at  the  oppo.site 
of  the  bo<iy  {^Amphistonmiu). 
large  sucker  may,  however,  be 
t  (MotuHitomuiii).  The  ecto- 
sitic  I'oli/gtomea,  on  the  other 
I,  are  distinguished  by  a  much 
!  powerful  iirmat\ire,  for  besides 

smaller  snickei-r.  at  the  sides  of  the  mouth,  they  possess  one  or 
<  lai^e  suckers  at  tlie  posterior  end  of  the  body  (fig.  258),  which, 
beover,  may  be  supported  by  rods  of  chitin.  Tliere  m-e  often 
addition  chitinous  luxiks,  anil  very  fretjiieutly  two  larger  hooks 
ng  tJie  ixisterior  suckers  in  the  middle  line  (H). 
"hf  Trematoda  ixve  mostly  hpnnaj>hn>dite.  As  a  rulf,  the  male  and 
le  genenitive  openings  lie  stdo  by  side,  or  one  liehind  the  other, 
fw  from  the  middle  line  of  the  ventral  surface,  near  the  anterior 
of  the  Ixniy  (tig.  254).     The  male  opening  leads  into  a  sac,  the 


Fig.  2S3.— YoiioK  Ditiomiim  (after  La 
V»k'ti*).  Ei,  trunk  of  the  exoretnry 
(wiiter  vANcnlar)  sjHi«m  ;  Jiji,  pxcre- 
lor>-  pore :  O,  lunuth  with  »ucker ; 
St  Slicker  in  the  miilillc  of  the  ventral 
Burfnco  ;  P,  phoryni ;  D,  forked  in. 
teiitlne. 
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cirni-H  sac,  wliii-li  miclost^  the  pi-otrusible  terminal  p<ut  ((nrrni)4 
vas  deferens.     Tlie  vas  deferens  st>on  divides  into  two,  irWcfc^ 
back  to  the  two  large  simple  or  multilobed  te«>te8.     The  wppoJ 
third  vas  defei-ens,  which,  according  to  v.  Siel>old,  mas  fn'Di  «  I 
testLs  to  the  female  bexnul  nppunitus,  so  as  to  permit  of  dixtrt  («» 
li^ntion  without  copulation,  has  been  recognized  as  a  vaginn  opduti 
to    the    exteiior   on  the  doi-sal    suiface    (caniil    of    liiiiiw).  IS* 

female  organs   consist   of  »  ron"- 
luted    nterua    and    of    the  gl*aii| 
conceme<l  in  the  preparation  uf  tli« 
egg,   viz.,    «u   ovary  and  two  volk 
glands.    There  is  aom^imes  im^  I 
ditiou   a  «pwinl  shell   gland.     Tii«] 
true  ovary  which  produce*  tbf  1*  j 
mai-y  ova  is  a   i-ound  body,  uid  i*^ 
usually  placed  in  front  of  the  ten*  I 
The  yolk  gliiud,s  which  secret*  ti»  I 
yolk    ai-e    much    mmitietl    tuJraliir 
glands,  and  fill  the  sides  of  tlie  W.f 
(fig.  254).     The  yolk  jmrticies  ooiw  j 
in  coiit4ict  with  the  primiir)'  ("■»  *  I 
the  tii-st  portion  of  the  uteni*,  «iw  J 
surround  them  in   greater  or  l»j 
quantitieji.        Subsequently     tull 
ovum,  with  its  investuient  of  yA  1 
is  suiTounded  by  a  strong  iJiell.  1" 
ova  in  their  passage  along  iheiiifrwj 
become   packed   together,   often  1*1 
great   niuMl^re,    and    undergo  tl*j 
stages    of    embryonic    devolopu 
in  the  body  of   the  piirent.     M<i 
rio.   :a*.—i/i.iomi4m    »./.>firn«    (after    Ti'ematodes  lay  their  eggs;  onlj 

Bommer).     O.  Mouth;  7).  Unnb  of  m-      f        ,„.g  vivitwrous. 

lestine  ■.    *,  sucker ;    T,    teotrs  ;    Do,  • 

vit«Ukhaiii',  Or (atenis),  oviduct  iiV,  The     jUSt-hatched     yoUOg 

form  and  organization  of  the  parent ;  or  they  present  the  phenoiM 
of  a  complicjitetl  altemiition  of  generations  (heterogamy)  cnniiw 
with  a.  metamorphosis  (JJutotiiea),  In  the  fii-st  case,  tlie  lftrg»  i 
liecome  attiiche<l  in  the  place  where  the  mother  lives;  in  the  I 
cavse,  the  rebitively  small  eggs  are  deposited  in  a  damp  pluc«',  nni»H 
in  the  water.     After  the  completion  of  the  segmentation  and  the  fU 
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Uyoiiic  development,  the  contractile,  usually  ciliated  embryos*  (fig. 
£).'),  a),  which  alrendy  possess  the  first  rudiments  of  an  excretoiy 
I  rai-ely  a  sucker  with  a  mouth  and  aliment^iry  csmal, 

wander  about  independently  in  search  of  a  new  host. 

"'*  Utter  is,  as  a  mle,  a  snail,  into  the  interior  of  which  they  pene- 
''*'««ni)  there  become  tmnsfonned  into  simple  or  bmnched  ,S]M?roci/sU 
(•Wwut  mouth  and  Blimentary  ainal,  fig.  255.  c),  or  into  IMim 
'"■"li  mnath  and  alimentary  canal,  fig.  255,  d).  These  give  rise,  by 
'"^tm  of  the  .->o-called  germ.s  [cells  lying  in  the  body  cavity  of  the 


lUl  bictory  of  Ditlomnm  (pftrtly  niter  R.  Lcnclurt).   <i,  free  swinuning 

wn^Tru  nf  the  liver  fluke.    '',  the  «ame  in  a  state  of  contntcUon  with  nulimentaTT 

>  'I  uiil  cell  nuu«  (Or)  (nidimenta  of  the  (teiiltnl  kImicU).     £r,  cilimc<t 

rnentflrc  excretory  nyeicm.    c,  siHjrocynt  (levoloped  from  a  Diflioraiim 

>ic.i  ••it.ii  cercarin!  (C)  -,  B.  Boring  npine  of  ii  I'ercarin.    d  Redia  with  iiknrynx, 

•Unmtafy  caiial    (D)  ;  O,  uKmUi ;  Ex,  Kxcn-etory  organ;  C,  Cercnria  ioaide 

FfM  Cercarin  ;  9,  nuclcer;  0,  iiUinentAry  ennui. 

,     -,.ior  redia],  which  prolwbly  correspond  to  the  germinal  cella 
ipiffiitive  ova)  of  the  mdimentuiy  ovary,  to  the  generation  of  the 


f  *  i»  R.  LeodCArt  hai  ritrluly  oljucrved,  tin;  DteijemUlei'.  which  were  regarded 
MfKoa   by    Ed.    v.    Keiieileii,   as  well  an  the   OrthoHtctidtr.    which   have 
Uy  been  es|ic<:iaUj  iuvestigated  li.v  Gianl  .ind  E.  Mctschiiikoff.  and  wliich 
if  tar  icpnidoctiTc  fttofrc-  do  not  rim:  aliovc  a  form  corresponding  to  the  embtyos 
^  fftmrtndw,  recall  these  Diittomnm  larvie. 
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tiiiled  Cercaritr,  or  to  iinother  geueration  of  Sporoci/ilt  or  l!n'«'' 
which  thun  jji-oduce  the  Cei-cariw. 

The  Cereario)  are  nothing  else  than  Distomnm  Umi,  «kttj 
eventuully  reat-h  (often  only  iifter  two  luigi'atiuns,  an  octiveul' 
jnissive  one)  the  final  host,  wlii-re  they  l>ecoine  sexunllv  taaWtl 
They  ai'e  furninhed  with  tin  exceedingly  motile  caudal  ap(ie 
frequently  witlj  ii  bucail  spine,  luid  occn.'ijonally  with  eyes, 
jii-eseut  in  the  vest  of  their  orgnniziitiou  giiwi  i-eseinbliin<«>  to  it*  j 
iidiilt  Distoiiiiifn,  excepting  tliat  the  genenitive  orgaxa 
develojied.  In  this  form  they  leave  independently  the  body< 
Jtedia  or  Sporocijsl.  and  of  tlie  ho«t  of  the  latter,  and  movB  j 
in  the  wat<»r,  partly  c-i-ee|)ing  and  paitly  swimming.  Ha 
s(X)u  find  a  new  hast  (Snail,  Worm,  Insect  larva,  Crustacean,! 
Bntrochiun),  into  which  they  penetrate,  aided  by  the  powwlnl] 
,  \nbnitions    of    tlieir    tail:    they  'f"'! 

lose  the  latter  and  encyst. 

The  CfrearicB  from  the  int««| 
of  the  snail  thus  become  distriliw'w 
amongtit  a  nnnibor  of  hoijts  and  i** 
of  them  gives  riae  to  an  «Bep>t 
young  DiM-omum  without  genM»tin| 
organs.  Thi^  young  DUlvnuim  ou-l 
gi-ateB  passively  witli  the  tlwb  "I  *] 
host  into  the  fttomach  of  anotl'*! 
animal,  and  thence,  freed  fnai  wl 
cyst,  into  tlie  organ  (intttrtine,  liU^j 
etc.),  in  which  it  becumee  MiutUrl 
mature. 

There  are,  then,  hs  a  rale,  'li" 
difl'erent  hosts  ui  the  organs  of  win*" 
the  diilerent  developmental  ft*?* 
(lialui  or  Sjiorocygt,  encysted  font. 
sexually  mature  animal)  of  the  Distomum  biu-j-  themselt'cs.  Ti* 
trandtiuns  from  one  host  to  another  are  effected  partly  by  v^ 
{»endent  uiigration  (embryos,  Oercjiris),  partly  by  passive  jnigwti* 
(encysted  young  IH-ahtimtin). 

Modifications  of  the  oniinaj-y  course  of  development  may,  howew. 
take  place  ;  these  niuy  I>e  either  (implications  or  simpliHivtions.  Tl* 
embryo  at  lmt<-hing  m.-iy  contain  a  single  li«dia  (as  in  M(modtf^'' 

•  Id  ('irrciiria  fytto/thnm  from  Pla^itrhin  manjinatu* ;  aecotdilv  to  ^ 
Wnircncr.  tho  primaiy  nsL-siiftl  indiridunl  is  a  Spprurijiit.  the  aecoodarya  •** 


^SBa — (I,  Emliryo  of  J>iptodiaat§ 
atiu  (Kfter  a.  Wngi'uiT). 
0,  AllmentAn*  caiuU  ;  £t,  exrre- 
Utry  ByHt<!iii.  '/,  Embrj-o  of  Mo- 
ttiwfoMMW  miitatitl*  (aft«r  V.  Sle- 
l>oW).  P.  figment  •pou  :  S, 
roliA  in  th«  iolerinr  of  Uie  embryo. 
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hnm  and  vuUahile),  which  it  can-ies  about  until  it  enters  the  first 
lKW(fig.  2oC,  b).  In  other  cases  the  coiu-se  of  development  is  sim- 
pliW  hy  the  omission  of  the  second  intermediate  host,  viz.,  that 
rtirJi  ointains  the  encysted  immature  Uistomum  (Cerearia  macro- 
•»<»  of  DiHomum  cyynoidcs,  al<o  Lewoehloritiiiim  in  the  tentiicles  of 
Bdix  tuceinta). 

(1)  8nl)-order  ;  Distomea.  Trematodes  witli  at  most  two  suckers, 
"iiliout  hnoks.  They  develop  with  a  complicated  alternation  of 
poentioDS.  Tlie  asexual  individuals  and  the  larvie  live  principally 
iaJfd&Moa,  the  sexually  matui'e  animals  in  the  alimentary  canal  of 
'•i1«bmte.K. 

Th*  sexes    are    completely   separated    in 

"uUmium  h<rmatobiuiii  (from    the  veins   of 

""•fl);  individuaLs   of    the  two   sexes   being 

"Oitei  in  pairs  (fig.  257).     Dimorphic  forms 

■"e  found  in  certain  si)ecie-s  of   the  genera 

*ono*tomum  and    Distomum   in  connection 

"^th  the  division    of   labour  of   the  seximl 

''*»»rtjans;  one  indiv-idual  develops  only  male 

***Tuil  origans,  and  the  other  only  female,  the 

****ier  producing  tipermatozoa  and  the  latter 

***•-      The    rudiment    of    the    functionless 

S*«ierHtive  gland  undergoes  in  these  cases  a 

^'Oi*  or   lets  complete   degeneration.     Such 

•"*«toni«a  are  morphologically  hei'majihro<lite, 

***>*  practically  of  sepamte  sexes. 

Tlip  crrmplete  biology  and  develripniental 
•^i^-tory  i«  unfortunately  only  satisfactorily 
^•*«wn  for  a  few  .species  which  can  he  fol- 
'•^^ed  ihrongh  all  the  stages  of  development. 


Via.  m—Ditlomum  Mtrmalo- 
bium.  Male  and  fernAlr. 
the  latter  being  lu  the 
canulis  Kyniecopfaonu  of 
Che  former.    8,  aacker. 


f 


«MB.    MoBOftomida.    Of  an  ovrI,  elongated,  more  or  le.is  rouiideil  form,  with 

*'*lj  one  Bicker,   which   surrounds  the  mouth.      Afunnrtomum  Zeder.     Sucker 

***wa>dmjt  the   mouth  ;   pharynx  [Kiwcrfnl.     Soxual   openings   but   slightly 

*^fco»«d  from  the  unterior  end.     M.  mutuhiUi  Z»'<ler,  in  the  body  cavity  and  in 

••toilittiif  various  water-birds  ;  riviparouj".     JV.  Jlaviim  Mehlis.  in  wat<"r-birds, 

'•'•lopd   from    (Wcaria  eplmtura    of    Plaiwrbit.     M.  lentil   v.  Nonlm..    the 

J^SJ  form  without  generative  organ"  is  fouinl  in  the  lens  of  the  human  eye. 

•LH^rftlum  Weill.,  living  in  pairs  encloseil  in  a  common  cyst,  the  one  indi- 

'•ImI  nnuunded  by  the  lobed  pontcrior  end  of  the  other  ;  branchisa  of  Tonny- 

•*. 

'•»■  IHiMmidw.  Hodylanect-iihs|K.il,  frequently  spread  out.  more  rarely  elon- 
PM  uul  rmuilcd  with  a  Urge  meilian  sucker :  in  front  of  which  lie  the  genital 
fin^oMuUly  close  together. 

21 
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VMomvm.     Median  racker  approached  In  the  amcriorotit    D.  htjalin*  1. 
biTer  fluke.     With  conical  anterior  end.  nnii  namerons  »|iine-Ukc  proiuiirM> 
on  the  surface  of  the  brood  Itaf-shajK-d  body,  which   i»  aliont  Sn  ::  ■ 
Lircs  in  the  bilcMluctK  of  sheep   and   other  domestic  amauklis  a;i; 
thi'  liver  rlisea-se  of  the  sihcep.     It  is  oecAsionally  found  in  Man.  nijtl  Imii 
way  into  the  portal  vein  and  into  the  system  of  the  vena  rava.    Theuloi^ 
einlTyo  only  devcloj^  after  the  cgy  has  remained  a  lontr  time  in  wilct ;  't  ' 
a  coutinuous  ciliateil  enveIo|ic  with  iiii  X-shn|ie<l  eyo-»|x>t.     R,  UeucUtt*  »*| 
■earelie»  have  rendered  it  proliaMe  that  the  development  is  (aiacd  tliraafb 
the  young  I.tanunm  jterrgrr  and  truHratklKt,  that  here  the  lanbtyel 
S/mrticyiii .  and  that  this  produces  Sriia,  in  which  it  is  sappowd  that  i 
Ihtlitmcn  arise. 

[The  life-history  of  the  liver-tiuke  has  been  completely  workcii  out  bj  A.  Kl 
Thomas  ((^iiari.  JovrMul  of  .\licrv*c,>j>,eal  S,-i.  l^«3.  pp.  Mi— 133).    Ht  b»»| 
shon-n  that  tlic  ciliated  embryo  |ia»ws  into  Liumtrtu:  Ij-UKcatiilvt,  uml  tbrn  f 
^vcs  rise  ia  a  tptirnei/it   which    produces  reditt.    The    rrtiitr  produw  miJt  | 
rrtlite  or  Crrcaritr.     The  f  ipren  rin-.  which  arc  provided  with  long  taili.  iK" 
the  host  (^LimMomt  Irtmculvlut),  swim  about  for  a  short  time  in  the  watcf,  n^ 
encyst  on  foreign  objeets,  ej/.  blades  of  graas.    In  thi»  condition  they  are  si* 
by  the  sheep.] 

D.  omtmrn  Bosk.,  in  the  alimentary  caual  of  the  Chinese,  one  to  Xwo  iai^ 
in  length,  and  half-inch  broad,  without  spinous  pnomineiice^,  witlt  s  Ml^ 
forked  intestine.     V.  laHcrohtuw  Mehlis.     Body  elongnted  into  the  iusiB'it* 
liincot,  8 — 9  m.ni.  long,  lives  in  the  some  place  with  I/.  hrpaticHni.     T        '  ~ 
develops  at  first  in  water,  is  |>car-shaiied.  and  uiily  ciliated  on  the  !■• 
of  the  body,  licars  a  stylifomi  spine  on  the  projectinsr  a)iex.     It.  oji!i  ■ 
Dies.    A  doubtful  siieciesi.f  which  only  four.s|ie<Minens  have  been  ob- 
lens  capsule  of  a  nine-moiilh.H' ehihb     U.  Itrtmi/ihi/rM  Itilh.  v  Sieb.  1— IJciD 
lotig,  in  the  alimentary  raiiul  of  man  in  Kgypt.     JJ.  rinliath  van  Hcu.,  !4ni^ 
long,  in  Ptfrobalimn.     Numerous  »]»cie«  live  in  the  alimentary  canal,    • 
and  bladder  of  the  frof?.     JUMtnmiiii  jUiroUr  Kud.     (/'.  Okeni  Ki.Jl)  in  it 
the  mucous  Kics  in  the  branchial  cavity  of  .0rAi»/>  Jiaji.     The  one  iodiiiiliitl  i> 
cylindrical  and  narrow,  and  |)roduces  spennato/.oa  ;  the  other  is  swuUirn  in  thr 
middle  ami  [losterior  region  of  the  iMxly,  nnd  ih  tilled  with  eajTS.    The  (lii»ii»iUr 
development  of  the  two  individual  is  probably  due  t«i  thi-  fjict  tluit  copaUaoi 
only  Icad.'i  to  the  fertilixstiou  of  one  of  them,  which  alone  ik  able  to  peifont 
the  female  sexual  functions.     Z>.   htrmatnhhim.     Bilh.  v,   Sich.  ^tfyKoro/Wrw 
Dies)  (fig.  267).     Body  elongated  ;  sexes  separate.     The  female  it  slpoiltt  sal 
cylindrical.    The  male  has  [x>wcrful  suckers,   and  the  lateral  nuuvtim  of  Itt 
body  arc  bent  round  so  as  to  form  a  groove,  the  caiiidis  o-nK<cophonis,teltt 
reception  of  the  female.    They  live  in  pair>  in  the  [inrtal  vein,  and  in  tb«  it* 
of  the  intestine  and  of  the  bloilder  of  man  in  Abvhsinia.     According  t«  CoUpU 
the  embryos  are  eiliatoi.  nnd  po.ssess  a   tolerably   well   developed  txa^tf 
system.     By  the  deposition  of  masses  of  their  eggs  in  the  vtswls  of  ibe  taaoM 
membrane  of  the  ureter,  bhidder,  and  great  intestine.  Intianiuiation  bt  a^  w 
which  may  cause  hirmaturia. 


(•2)  8ub-or<lt?f :  Polystomea.^Tremiitodes  with  two  tonaU  UKr»J 
suckers  at  the  anterior  end,  and  one  or  more  posterior  KudoJtx  to 
which  two  large  rhitinons  hooks  are  often  added.     In  eiMpliaMl 
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aw*  {Triilomuut  coeeiutum)  transverse  rows  of  bristlet>  are  found. 
hini  eyes  are  freqjiently  present.  In  some  species  the  elongate<l 
Wv  ptwent**  a  kind  of  externnl  segmentotion.  They  are  for  the 
Bud  purt  ertojMirasitic,  to  a  ceitain  extent  like  the  Ilirudinea,  nnd 
tkcT  develop  directly  without  alternation  of  generations  from  egg» 
•kich  »i«  usually  hatched  in  the  locality  inhabited  liy  the  mother. 
SoBHtimeh  the  development  is  a  metamorphosis  {Putygtomum),  and 
Ik*  yoong  larvw  live  in  another  place. 

The  development  of  Poli/ttnmnm  inteyerri- 
■■•  from  the  hlatlder  of  the  frog  is  the  l>est 
bom,  owing  to  the  researches  of  E.  Zeller 
(fifft  258,  259).  The  production  of  eggs  begins 
to  the  Kpring,  when  the  frog  awakes  from 
•"fcernation    and    proceeds  to   pair.     It   lasts 

from     three 

to       four 

weelc!.       It 

is  easy  then 

to      obsei-ve 

the   Poh/Ho- 

mea    in    the. 

process      of 

reciprocal 

copulation. 

When      the 

eggs      are 

^^  f^-tfK  mth  ambrro  («,  sod  hatcliixl     being      laid, 
•l«il«o  (UV>r  B.  Zellcr).  ^'**  parasite 


foives      the 


0,  mouth ;  "",  gcniul 
openinK  ;  D,  inieMiue  ; 
ir,  co|)Uliktor}'  oiioninf 
(littcrni  iHuU) ;  Dtj,  yeUc 
(cUnd  ilnct  ;  S,  anckcr  ; 
Or,  OT*ry  ;  if,  liDOk>. 


•^JiMnor  end   of    the  botly  wtth    tlif   eenital  '^'»-  «^~P'>f »•'•>'•<•'>  "•!- 

(M_'         .1  II  ,         ,..,..  grrrimum  (lifter  K.  Zeller) 

••^ling  through    the   mouth    of   the  bladder 

'•••riy  as  far  a»  the  anu.v.     l"lie  development 

"*  tif  eiubryo  takes  place  in  water  and  occu- 

?>•  •  period   of    many   weeks,   so   that   the 

Tiwog  larvK  are  only  hatched  when  the  ta<l- 
pol*  lave  alrendy  acquired  internal  gill.H.  Tlie  larva;  resemble 
^'Sntiariijliu.  and  jwsse.ss  four  eye.s,  a  pliaryn.x  and  filinK'iitarv  canal, 
•*  'ell  tw  a  posterior  disc  (for  attachment),  which  is  surrouiulf  d  by 
''**'«n  books.  They  possess  five  transverse  rows  of  cilia  ;  thi-ee  are 
'Wtml  and  anterior,  two  dorsal  and  posterior.  Tliere  is  also  a 
"      "  cell  upon  the  anterior  extremity.     The  lai-vw  now  migrate 
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into  the  branchial  cavity  of  the  tadpole,  lose  their  cjlia.  and  •«» 
Irftusfoj-med  into  young  Pnlijatomea  by  the  formation  of  the  t*"  ' 
median  liouks  and  of  the  three  pairs  of  suckers  upon  the  poawioi 
disc.     The  young  Poh/slomum,  eight  weeks  after  the  migntion  iaM 
the  biTincliial  cavity,  at  the  time  when  the  latt«r  begins  to  »b 
passes  through  the  stomach  and  intestine  into  the  bladder,  and  I 


Fio.  iOU.— ToauK  A^Wotoon  (nflvr  K.  ZcUer).    a,  Twu  youug  D^parya  bexioning  B  i 
thaiDMlTes  togetlier.    h,  Ktwt  bolb  indiTidniil*  bkve  MUicbeil  thanuelmL    0, 
K,  flxlug  appamto* ;  Z,  pii]>illie ;  O,  tacker. 

>ly  becomes  sextially  mature  after  three  and  more  yenxB.    In 

exceptional  cjisew,  and  always  when  the  larva  has  pas<cd  on  to  tl 
gills  of  a  very  young  tadpole,   it  becomes  sexually  mature  in  ti»^ 
bninchial  ca\-ity  of  the  hitter.     Tlie  forms  then  remain  veiy  »in»H-» 

are  without  tlie  a>jmUt4)r.^ 
canals  and  uterus,  and  di^ 
after  the  production  of  ^ 
single  egg,  without  ewe^" 
getting  to  the  bladder. 


Fam.  FolTitomida.   Wiliii 
ml   |iosl«ri(ir  suckers  wljioh  o^ 
usually  paired  and  arranpJ  ir» 
two  lateral   rows,  and  mt  reU'- 
fon-ed  by  an  armaturv  of  Iik«»- 
1'lie   genital    o|ieiiiiig»  ut  ta- 

Fio.  a»l.-F.Bg  («)  »ad  l»nr»  <M  of  flij-'on'on  (Hficr  qutntly  Burroundod  by  li<**» 
X.  Zellcr).  Many  s|)OCiL-s  liave  ft  Icngtk  <i 

only  a  few  linea. 

Polyrtomvm  Zeil.,  with  four  eyes;  with  no  Intern!  sucker*  at  the  anWii" 
end,  but  with  oral  tiuekur;  with  six  Buokers,  two  targe  median  lu>i>ka  1114 
sixteen  siiiall  hooks  nt  the  |Ki8t«rior  end.  P.  intej/rrrimnm  Rud..  in  IW 
bladder  of  liana  trmjiorariii.  P.  occtlatum  in  the  phnryn^val  oan:/  cJ 
Emy$.  In  the  fominlion  of  the  testis  and  the  absieiiee  of  the  uirnii  " 
resembles  the  adult  form  uf  I',  integerrimuni  from  the  braneiiial  ravitj  <i 
thetadpole.  OrtolmtliriHin  Unrealottim  D\x}.  Onehteutylr aj/jieiul iculata Sieiit- 
on  the  gills  of  lilasmobrRiicliK, 

JDiplvzooH  T.  Nordm.    The  animal  is  double,  two  indiTidnala  being  fionl  w 
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lX-»hApcU  ilouhle  animal,  the  posterior  ends  of  which  arc  provided  with 
lir«  Urge  «iickers  divided  into  four  jiits.  In  the  young  state  Ibcy  live  snlitarily 
uIHffpa  ;  ihey  then  possess  a  ventral  sucker  and  a  dorsal  jiapilla  (2<>0  a.  Cf 
;  tt'U).  In  the  doable  snimalx  the  f.>nnati<in  of  ova  is  confined  to  a  definite 
i  of  the  year,  usually  the  »pring.  Tlie  eggs  arc  laid  singly  after  the  fonna- 
irfthe  thi«ad  by  which  they  at«  attached,  and  two  weeks  later  the  embryo 
I;.  HI.  b).  which  only  diffeiT  from 
[JXfwjia  in  the  iioscssion  of  two  eye- 
I  tad  a  cllialed  iipparatus  upon  the 
md  00  the  posterior  extremity  of 
I  Vidy.  is  liDtcheil.  When  an  oppor- 
I  tmilr  of  fixing  itself  on  the  gills  of  a 
itir  fish  occurs,  the  young  animal 
I  to  cilia  and  Ix-i^omcs  a  Oipor/m, 
tlidi pi)««>»«r«,  tx.'aides  the  characteristic 
•fp«i»lu«  for  attAchment,  the  alimentary 
<M»l,»iifl  the  two  excretory  canals  with 
lint  mviiing*  at  the  anterior  fnrt  of  the 
'*tT(»t  ihr  li'vcl  of  the  pharynx),  and 
■•b  the  branchial  blood.  Tlic  junction 
I*  the  two  tHjiorpa  soon  follows  ;  and 
1'i>'loe»oot  take  place,  as  was  fumiorly 
WlifTcd.  I;y  the  fusion  of  the  two  ventral 
■lien,  bat  in  snch  a  manner  that  the 
"ntfil  tucker  of  each  animal  atflxes  itself 
^  Ihc  dorsal  papilla  of  the  other,  and 
*"■•  with  it  (fig.  2fiO.  *)•  ^-  pnruiloj-iim 
'•  Xortlm. .  on  the  gills   "f   many  fresh- 

[  »»1<T  fi.li. 

I'JB.  OyrodactylidB.  V«>ry  small  Trc- 
Uoiks  nith  la>vc  terminal  caudal  disc 
■4  pswi'rful  hooks.  Tliey  are  vivi|>aroue, 
I  ("wlocltii;  a  liable  young  one  (first  gene- 
"'iwi)  at  a  time,  within  which,  while 
"ill  in  tiie  bo<ly  of  the  [larcut,  another 
.ixiig  one  (teoond  gonemtion)  may  tjc 
["■cut,  atid  iu  this  yet  anotlicr  (third 
Wwntion).  V.  Sie)>old  believcil  that  he 
"d  ohNTTcd  a  young  animal  devilopiiii; 
■""H  *  grnu  cell  uf  Gijrvdrtrlijlii:  iind 
"■•I  Uiis  liecame  preiLiuint  <laring  its 
^i'lo)inniit.  He  rcganlcl  tlic  Oijrii- 
''rfflwt  at  ao  awxiuil  form,  since  he 
'•il"!  til  find  organs  for  the  pnxluctioii 
"f  fmn,  (J.  Wairener.  however,  sliowol 
ili«t  the  rvpn>lnctiou  is  sexual,  and 
"itieiT^il  tlie  idra  that  the  germs  from  which  the  socond  and  third  jrenerations 
»»  fnraird  are  derived  from  the  remains  of  the  fertdized  ovum  from  which 
•tic  Hw  generation  is  formed.  Mctschiiikoff,  Uk),  is  of  the  "pinion  that  the 
txlifuliuls  uf  the  first  and  pccoml  generations  arc  fomieil  at  the  same  time 
ttna  a  oummon  mnsa  of  similar  embryonic  ccIIn.  (hjrudaetyluii  v.  Nurdm., 
".  tUpnu  T.  Sonlra..  fnjm  the  gills  of  Cyprinoids  and  ficsb-water  fish. 


nstaral  sise  (nfter  R.  Lcuckiirt). 
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Order  3. — Cestoda.* 

Elongated  and  vuntallif  segtnerUed  PlatyhelvntUltee  withotU  mowJ'' 
or   alimenUiry  caiud,    \cith  organa  for   aUaehtneni  at   the  a 
extreiiiili/. 

The  tape-worms,  which  may  eaiiily  be  i"ecogiiised  by  their  bini 
shaped    usually  segmented    bodies,  are   pai'«.sitic  in   the  idimen' 
canal  of  Vertebnita,  and  were  formerly  taken  for  single  imii 
Steenstrupp  was  the  first  to  inttxxiuce  a  ditferent  view,  according' 
to   which    the   tape-worm  is  a  colonial  animal,  a  chain  of   sinj^es 
animals,  each  segment  or  j/rogloUU  being  an  individual.     Tlierv  are_ 
however,    Cestoda,    like  CaryophyUeeut,    which    ai«   destitute  botLm 
of     extei'nal    seginentution    imd    of     segmentation    of    the    gem- 
rative    organs ;    while   in  other    case^    the  segments    of   the  boi; 
are  clearly  differentiated,  and  each  is  provided  with  a  set  of  genera- 
tive organs,  but  they  do  not  attain  individual  independence. 
proglottides,    however,  usually  become   sepaiuted   off,  and   in  «m 
cases  {Echineibot/irium)  after  their  separation  from  the  body  of  th 
tape-worm  continue  to  live  for  a  long  time  independently,  and  evi 
inci'eHse  cousiJeinibly  in  sire ;   so  that   although   the  individiulit; 
of    the  t:<pe-worni  may  lie   justly  insisted  on,  yet    the  sulmnlinitt-f 
anil  mor[ihol<.>gically  moi-e  restricted  degi*ee  of  individuality  "f  tl»* 
proglottis  must  also  be  admitted.     This  is  the  only  ntisfMtarr 
mode  of  regarding  the  Cestoda ;  especially  as  the  entire  tape-wonu. 
and  not  the  proglottis  alone,  cori-esponds  to  tiie  Trematole,  »n<l  •* 
to  be  derived  from  the  latter  by  a  simpliiication  of  organization  »A<} 
loss  of  the  alimentary  cjiniil. 

The  anterior  part  of  the  tape-worm  is  narrow,  and  preseoU  * 
terminal  swelling  by  which  it  attaches  it^lf.  This  anterior  ewnfli'' 
part  is  distinguished  as  the  head  of  the  tape-worm,  but  it  i*  anlj 
its  ejctei'nal  form  which  entitles  it  to  this  name.     In  CaryitjJitflini 

*  Bcxides  the  older  works  and  papers  of  Pallas,  Zedor.  Brpm*<rr.  I(niliil[^ 
Diesing,  and  nlhers,  compare  van  Boucden,  "  Lcs  vers  c    ■       "  \1«, 

BnisHcis,  I80O.     Kuchcumeii-ler,   "  I'ebor  Cestoden  im  .\  •  iit 

des  Mcnucheii  inslicsoudero,"  Uresk-ii,  18r>3.  V.  m.  ,„,..,.  un-.!  il« 
Baud-  und  Bla-ieu-wUrmcr,"  Ivcipzip.  18fi4.  G.  Wajjeiier,  "Die  Eniwi'-l»- 
lung,  der  Costodtii,"  .Voc.  Art.  Lrop.-Car..  Tom  XXIV.,  Huppl.,  \^ 
G.  Wftgfacr.  "  Bcitrnx  r.ur  Eiitwickehui^-igficliichte  der  Einj.'CwridewlirtiKt.' 
Haarlem,  1857.  R.  Lt!Uokart,  "  Die  HlnscnlMiiidw-iinncr  uiid  ihre  Kmxiflu- 
liuig,"  (lieHKcn,    ISnti.     K.   I.,ciiL'kart,  "Die  inenschlieheii    I'm:.  •■■\.  L. 

Leijuie,  1SIJ2.     F.  Sommcr  nnd  L.  l4indoi!i,  ••  Dcber  dcu  Bmi  •  ■k\»- 

ppitcij    Glie<l<rr    von    Botlirioceplmhifl   Ifttiiii."    Xrittchr.  f.    «i..».   ,  •'' 

K.  tfouinicr,  "  L'ebiT  don  Buu  iiml  die  KiitM  ickelunp«|.a'schichte  der  (. 
ort-niic  voii  TiKiiin  mediocanullataund  Tneiiia  snliuui."  Ihid. .'Vu\n  X  -4-^ 
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^pe  head  armature  is  very  weak,  and  coiudsts  of  a  lobed  fringed 

«acp«iuioD.     The  apex  of  the  head  often  ends  in  a  conical  projection, 

^ke  roHeUum.  wliich  is  armed  with  a  double  cu-cle  of  hooks,  while 

UtiTul  surfaces  of   the  head  are  furnished  with   four  suckers 

fig.  263).     In   other   cases  only  two  suckers    are  present 

'.pkalut)  y  or  we  find  suckers  of  more  complicated  structure 

Mtd  b«et  with  hooks  {AcnjitholxilArium),  or  four  protrusible probosces 

» beset  with  recurved  hooks  ( THrarhj/ncus) ;    while  in  other  genera 
the  bend  armature  presents  various  special  forms. 

That  portion  of   the  animal  which  follows  the  lieid  and  is  dis- 
tinguished lis  the  neck   shows,  as  a  rule,  the   first   traces  of  com- 
I      BMOoing  segmentation.     The  rings,  which  are  at  first  faintly  marked 
•ad  very  narrow,  become  more   and  more   distinct   and  grndually 
Wger  the  further  they  iwe  removed  from  the  head.     At  the  pos- 
terior extremity  the  segmenttt  oi"  pro- 
iw  are  bu-gest,  and   bive  the 
of  becoming  detached.     After 
"cpntion   they    live    independently 
»  king  time,  and  sometimes  even 
thewne  me<lium. 

amplidty  of  the  internal  or- 

.tion  corresponds  with  the  simple 

ince  of  the  external  structure. 

th  the  delicate  e.vtemal  cjiticle 

**  •  tnntrix  consisting  of  small  cells, 

»ti<rhich  are  scattered  glandular  <*lls. 

•^«Bi!«th  the  matrix  there  is  a  delicate 

•*iJotoftl  layer  of  longitudinal  mus- 

^•'lu'  fibrec,  and  next  a  parenchyma  of  connective  tissue,  in  which 

■I luil^'l y-ilerelopcd  bundles  of  longitudimil  muscular  fibres,  as  well  aa 

**nuier  layer  of  circular  muscles,  are  embedded  :  both  these  muscular 

■•.»«» M*  trnversed,  principally  at  the  sides  of  the  liody,  by  gioups 

**<  dono-ventiHl   muscular  fibres.     The  jiower  which  the  proglottis 

¥<lMW>of  altering  it«  form  is  due  to  the  internctiun  of  all  these 

'J'luele*.     By  means  of  them  it  is  able  to  shorten  itself  considerably, 

■**  the  lame  time  becoming  much  bifiiider  and  thicker,  or  to  elongate  to 

double  its  nomuil  length,  becoming  much  thinner.    In  the  connective 

li«n»  parenchyma  of  the  body,  not  only  the  muscles,  but  all  the  other 

**pnnr«? embedded.    In  its {wripheral  portion,  espe<'ially  in  theneigh- 

V)iirhufj<|  of  the  head,  we  find  small  densely  picked  calcareous  concre- 

■Mt^  which  are  generally  regariled  as  calcified  connective  tissue  cells. 


Flo.  268.— Head  of  Tirnta  $oli»m,  riowod 
from  the  front  (apical  mrfkoe),  with 
rfjstolliim  and  iloablo  drcte  of  hooka. 
The  four  suckcm  are  viaiblo. 
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The  neri>ou» »t/»tem  consist-s  of  two  Ijitei-al  longituiiinnl  cords 
externally  to  the  nuin  trunks  of  the  fxcretory  system.  They 
somewhat  swollen  in  the  head,  where  they  are  connected  by  » 
vei-se  commissure ;  these  anterior  swellings  and  the 
may  represent  a  cephalic  ganglion.  Distinct  ^ense  orgaitf 
M'anting,  but  the  tactile  sense  may  be  ascribed  to  the  skin,  (!^] 
to  tluit  of  the  head  and  the  suckei*.  An  alimentary  canal  i& 
wanting.  The  nutritive  fluid,  oli^eady  prepoi-eJ  for  abeorptiia, 
passes  endosmotinilly  through  the  body  wall  into  the  pareni'liynu. 
The  exoretory  apjmratu-g,  on  the  conti'aiy,  attains  a  considemli 
development  os   a  system  of  much   ramitied  canals  which  are  &■ 

tiilmted     thi-oughout      the    whnl* 
body.*      It    consistti    primarilv   of 
two   longitudinal    muol^s   (a   dumi 
and  a  ventral),  running  along  mcli 
side  of  the  Uxly  and  connected  in 
the   head   and  in  each  aegment  I7 
traasveree    ti-unks.      Acoonling  lo 
the    state    of    contraction    iif   Ui«^ 
musculai-  system,  these  lougitudi 
trunks  and    cross   branches 
sometimes    citraight  and  ^ol 
bent  in  a  wavy  or  zigxag  nuitmer 
theii-  breadth  also  preeent.s  coD.<ii 
able  variation,  so  that  the  piwiT 
contraction    has    lieen    ascribed 
their  walls.    Tl>c  longitudinal  t 
uiJy  sen'e  as  the  ert'oi-ent  duct» 
system   of   very   fine  vesvseli.  wbii 
mmify  thi-oughout  the  whole  [*"*■ 
chyma   and   receive   uumerouK  lonj; 
tubes  ;     the    latter    begin    in   iH* 
pai-enchyma  witli  closed  funnels  which  contain  a  vibratile  dliiud 
lappet  (tig.  264).     In  many  cases,  as  in  the  Liffvlidn-  lund  Cory 
j>/i;/Uirmi,  these  longitudinal  trunks  are  broken   up  into  uamww 
longitudinal  vessels,  which  ore  connected  by  tiunsveit*  anastomoMi^ 
I  In  other  cases,  on  the  other  hand,  the  two  ventral  vessels  are  enUt^ 
the  cost  of  the  two  dm-sal,  which    may  entii-ely  atrophy.    Th* 
xteniid  opening  of  the  exci-et-oiy  syst«m  is,  as  a  rule,  plot-ed  at  Un" 

*  (.>ui|Mire  Tb.  Pintner,  ■- Uiitersauhuni^cD  Uber  deu  Uau  de*  BaiiilMBiB* 
(ifirjiert,"  Wicii.  J880. 


Flo.  204.— A  portion  of  the  excretory 
8.vn«m  of  l\iryii)>hfllinu  mnliilUla 
(lUler  Pintnor).  Wb,  Ciliated  fimnel* 
with  tha  nncleiif  of  the  cell  belonging 
to  tbam. 
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■  end  of  the  Uxiy,  i.e.,  at  the  hind  end  of  the  last  segment, 
iiwbioha  sm&U  vesicle  with  an  external  opening  receives  the  longi- 
••iliiiii  trunkal.  According  to  the  observation-s  of  Leuckart  on 
Tom  tMCunurina,  the  posterior  trausveine  canals  in  the  segments 
uaa«diiitely  preceding  the  last  become,  by  their  gradual  shortening 
"xi  tie  approach  of  the  longitudinal  trunks,  transformed  into  Hie 
""scle,  which  ncqnires  an  externsd  opening  when  the  segment  liehind 
rtuoctiched.  In  rare  ca-ses  the  excretory  system  possesses  additional 
"T^iiip  in  the  anterior  part  of  the  Ixxly  behind  the  suckers. 

'M  gmmUix-e   apjxiratiit   is   alsf)   divided    into   segments   which 
"■^Hpond  to  the  proglottides.     Each  proglottis  iK>8se8ses  its  own 


'^*'^- — T*rogrUjtu»  of  7*«Mid  mMioctmrUitta,  with  mAle  anil  femjite  orftatw  (after  Sommer), 
*|^"*J.  D*.  yolk  «r1iin<l(vil«ll»riam);  8tf,  ahall  gUud  ;  M,  uterus  j  r,  teste* ;  I'rf,  vb» 
^'** ;  Ct,  pcuoh  rif  Ibo  cirni* ;  f  ,  Keneratire  doncn ;   Vti,  vagina. 

'''*«*nd  female  genemtive  organs,  and  can  therefore,  when  separated, 

wnridered  as  a  sexual   indivi<lual  of  a  lower  order,     The  male 

Tt^Wns  consists  of  numerous  jwnr-shaped  vesicles,  the  testes  (tig. 

^5(  T),  which   are  situated   upon    the   doi-sfil  side,  and   their  vasii 

^''•*'*t»  ojien  into  a  common  efferent  duct  (row  deferens).    The  wiiled 

^*J  of  lhi«  duct  lies  in  a  muscular  jmuch  (cimts  s/ietU/i),  whence  it 

t*  proti-uiii>d  thixiiigh  the  genitjtl  opening  as  the  so-aiUed  cirrus. 

'  nmi«  is  frequently  l>eset  with  spines  which  are  directetl  back- 

"is  Mid  serv-es  as  a   copulutoi-y  organ.     The   female  genemtive 

of  orari/,  ijolk  (fland,  slmll  ylund,  utenis,  recejitaciUuin, 

"he  vaginii  and  vas  defei-eus  usually  open  into  a  common 
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Vr,  mtervBioulu'  {exatuay)  cuml. 


genital  cloaca,  which  liee  either  on  the  ventral  surface  of  the  i 
{Bothriocepalua),  or  on  the  lateral  mai-gin  {Titnia)  (fig,  3fi5). 
.  the  last  case  it  is  pLic«i  «IU 

nately  on  the  right  sudoDll 
left  side.  NeA'ertheltw  it  I 
huppen  thut  the  two 
openings  are  widely 
the  iruile  opening  being  pli 
at  the  side,  the  female  oti 
surface  of  the  eegiueiit, 
the  segments  increa»«  in  i 
and  become  further  reiiiO»»i 
from  the  he«d,  the  contuiW 
geneiutive  organs  gnulwDj 
reach  mat\u-ity  in  Kuch  »  nj 
that  the  mole  geufrati" 
orgims  aiTive  at  nmniritv 
rather  eai-lier  than  the  feiwfc. 
As  soon  n»  the  mule  elements  are  mature,  otipiilation  t«k(«  iilnff,  uni 
the  receptiiculum  ^eminis  is  filled  with  sperm,  and  then  only  dottt 
female  generative  organs  reach 
matui'ity.  The  ova  niHj  fertilized 
and  pass  into  the  uteriis,  which 
then  assumes  its  characteristic 
form  and  xize.  As  the  utenis 
becomes  distended,  the  testes  and 
then  the  o^•ariesl^ld  vitellaria  are 
moi-e  or  less  completely  absorl>ed 
(fig.  266).  The  posterior  proglot- 
tides, viz.,  those  wliifh  are  i-cady 
for  seimration,  have  alone  under- 
gone full  development,  and  the 
eggs  in  their  utenis  often  contain 
completely  developed  embryos. 
Accojtliiigly  we  can  recogjnize  in 
a  continuous  series  of  the  seg- 
ments the  course  of  development 
passed  through  by  the  sexual 
organs    and    pro<luct8    in    their 

origin   and   gi-adual  progress   towards   maturity.    The  numb 
segments  between  that  with  the  fii-st  trace  of  the  generative  oi| 


■■■"^wi/i;i!iiliiP^ 


Fio7[a67. — Egi?  with  euijnyti  (*)  nf  1 

woUnm  ;  (t)  of  Hier^i^m*tt  .    (f),  nf  T 

erpkalvt  htHM  (afUir  H.  Leurkut). 
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first  jiroglottis  with  fully  flevelopeil  organs  gives  us  an 

for  the  number  of  stages  thi-ough  which  each  segment 

k»  to  j)8»8.     The   tape-worms  are   ovipiirous ;   either   the   embryo 

imiopc  within  the  egg-shell  in  the  body  of  the  mother,  or  the 

Jevriopment    tjikes   place   outside    the    proglottis,    for    example   in 

WW  {Bothriocep/inliis}. 

Thf  Bfgs  of  the  Cfttwla  we  round  or  oval  in  shape  and  of  small 
Tlieir  envelope  is  either  simple  or  composed  of  numerous  thin 
nlinuies,  or  else  fonns  a  thick  and  sti-ong  capsule,  which  in  Tirnia 
I  looked  of  densely  packed  rods  united  by  a  connecting  substance, 
I  in  ooneequence  a  granular  appeanince.  In  many  cases 
fcc  development  of  the  embryo  coincides  with  that  of  the  egg- 
1(11,  to  that  the   egg   at  the  moment  that  it    is   laid  contains  a 


<  t&  Hm  ilerelopmeol  of  Toiila  tetium  to  the  Ci/itieemt  ataKO  (portly  After  R. 
n).  a,  Skis  ^^  embryo,  h.  Tree  embrrn,  c,  Rudiment  r>f  the  head  %»  a  hollow 
l^**^™  the  w»ll  of  the  Tcticle.  rf,  Bl«<Uler-worm  with  retractoil  head.  <•,  The  Mine 
*^  TMolnxM  head,  magnlSed  aboal  f  oar  timed, 

to^Pieie  embryo  with  six,  or  more  rarely,  four  hooks.     In  Bot/irio- 

••P*'fcM  the  development  takes  place  outside  the  proglottis  during 

\W  long  period   that  the  egg  passes  in  water,   and   the  embryo 

1<*<^  the  egg  as  a  ciliated  larva  (tig.  '2G7,  c).     Tlie  development 

"»  the  embryo    into   the    tape-worm   probably   never    takes   place 

'tly  in  the  same  meilium  in  the  intestine  of  the  original  host. 

*>mlt!  there  is  a  complicated  iiiet;itiii>i-j)hosis,  which  is  .sometimes 

SdiinooKxiu,  C'lfnums)  connected  with  idteraation  of  genenttion.s  : 

I  uicceisive  rtages  live  in  difl'erent  localities,  and  usually  tind  the 

nee«>»<iiry  to   their   development   ui    diflTei-ent   species   of 

letwevn   wliich   tltey  migrate,   purtly  actively  and   partly 

qvely.    The  eggs  u^tually  leave  the  intestine  of  the  host  with 

proglottis,  and  are  de{x>8ited  on  dunghills,  on  plants,  or  ui  the 
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water,  aiid  thence  imsk  in  the  food  into  the  sfoiuAch  u«iill)'< 
herbivorous  or  omnivorous  animals.  A»  soon  as  the  egg  nicmlxa 
are  Jigeste<l  or  burst  by  the  notion  of  the  juiow  of  thp  stnnaii 
the  now  host,  the  euibiTos  wliich  Imve  bet-n  thus  set  frw  bowll 
way  into  the  gnstric  or  intestinal  vessels  by  metius  of  tbw 
(nii-ely  four)  hooks,  the  points  of  which  can  lie  appriwcbwl 
removed  from  one  ano!  her  over  tlie  i)eripheiy  of  the  smiill  gloti 
embryonic  body.     When  they  ai-e  once  within   the  \-asicular  »fi 


FlU.  SM. — "i   Ul-OOd-mtMUlD  of   EeKiitun>cc»*  Willi  tl(;V[>1)j)tiUK  b04dft  (*(t«r  B.  I#1lHl 

llrix>tl-ci4it»Hlc  of  EeMinorocrnii  (ftf tcr  O.  Wniyeriw),    r,  Hoim]*  of  £cA*<»»»*<r««  itiB 
Willi  tUo  wnll  (it  Ilia  lirootl-cupsulo — "ne  u  wninnaMnl  i   t'c,  txmtnry  ranklr. 

they  are  no  doubt  carried  along  passively  by  the  conwit  of ' 
and  trnnsporte<l  by  a  longer  or  shorter  i-out^?  into  the  c«{nU*l 
the  dilFerent  organs,  an  the  liver,  loitgs,  muscles,  brain,  «<tc. 
losing  their  hooks,  they  usually  become  enveloi>ed  by  a  c; 
connective  tissue,  and  grow  into  large  vesicles  with  hi|uid  ooi 
and  a  contwctiJe  wall  (fig.  208).  The  ve«icle  gnidually  bwa 
ci/»lic  or  bladder  worm  by  the  formati(m  of  one  {Cyttioereut 
'  Exceptionally  two  or  mnn-  beads  an-  foand  in  smnc  Cystioorcon  tM 
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yCimurui)  lioUow  buds,  which  we  developed  from  the  walls 
project  into  the  interior  of  the  vesicle  (fig,  268,  c).  The 
Tnnature  of  the  tape-worm  head  (suckers  an«l  double  circle  of  hooks) 
it  (orrae<l  on  the  inside  iind  at  the  bottom  of  this  invagination  of 
Ik  nil  of  the  vesicle  (fig.  268,  d).  When  these  hollow  buds  are 
enginated  so  as  to  form  external  appendages  of  the  vesicle,  they 
piMnt  the  form  Hud  armature  of  the  C'estmle  head,  as  well  us  a 
OUR  or  lew  developed  neck,  whicJi  presents  even  at  this  stage  traces 
of  tqpnents  (fig.  268.  e).  In  some  cases  (Echinococcu-t)  the  iiTegularly 
•bped  maternal  vesicle  produces  from  its  intermil  walls  one  or  two 
gnmtions*  of  secondary  vesicles  wliicli  project  into  it ;  and  the 
Certode  bend^  originate  in  special  small  brood-capsules 
«  ihese  secondary  vesicles  (tig.  269,  a).  In  such 
cutt  the  number  of  tape-worms  which  arise  from 
<tt  embrj'o  is  natumlly  enormous,  and  the  parent 
"widf  may  reach  a  very  considerable  size,  being  some- 
Uaiffi  a^  large  as  a  man's  head.  In  conset|ueuce  of 
this  enormous  growth  the  vesicles  frequently  obtain 
•II  trregtiliir  shape  ;  while  on  the  other  hand,  the  tape- 
»(irnis  which  are  developed  from  them  i-emain  very 
isnW,  and  carry,  as  a  rule,  only  one  ripe  proglottis 
•  270). 

Ife  long  as  the  tape-worm   head  (sco/'ve)  i-emains 
^ttUdieid  to  the  body  of  the  bliulder-woi-m  and  in  the 
'  of  the  latter,  it  never  develops  into  a  sexually 

itwe  tape-worm  ;  although  in  many  cases  it  grows 
"> a ftmsiderable  length  {f'j/glkerciu  ffuciolari-g  oi  the 
'"""^-mooBe).  The  bladder-worm  must  enter  the 
tiuBenury  canal  of  another  animal  before  the  head 
l«*fc?)  can,  after  separation  from  the  body  of  the 
Wder-worm,  develop  into  the  sexually  inatiu-e  tape- 
•""n.  This  transiJoitAtion  Ls  effected  passively,  the  new  host  eating 
^  9»sh  or  organs  of  the  animid  infected  with  Cysticerci.  The  tape- 
•*»».  therefore,  are  princip.Tlly  found  in  the  Vamivorn.  the  huecli- 
^Mid  the  Omnivora,  which  receive  the  bladder-worms  in  the  flesh 
"ftiie  auimals  on  which  they  feed.  The  vesicles  are  digested  in  the 
""Bach,  and  the  ceetode  head  becomes  free  as  a  ticnlex.  Tlie  latter  is 
I*W«ct«d  from  the  too  intense  action  of  the  gjvstric  juice  by  its 
olouwos  ooDcretiuns,  and  at  once  enters  the  small  intestine,  fastens 

pi(0.  Ivm/iroau,  tenuieiittU)  also  Rterilc.daagliter  Tcsiiles  are 
Iboddeduff. 
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Fio.no.-Tanui 
SthtH  oeotfeHt 
(after  R.  Lenc- 
kart),  mafrni- 
flwl  12  to  16 
times. 
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Fio.  271.— ry»««TcoiJ  of 
Tmnia  ruenwuriHa,  cnAgnl- 
floil  <H>  times  (after  R. 
Leuckiul). 


itself  tn  the  intestinal  wiill,  and  groves  by  gradual 
H  tape-vvoriu.    Fmui  the  Sco/ejf  the cliain  of  pi-oglcittides pp 
result  of  a  growth  in  length  accoui]Minied  by  eegmentation,  a  { 
which  is  to  lie  looked  ujion  us  a  form  of  aspxiial  ix'prodactioD  ( 
ding  iu  the  direction  of  the  long  axis).     Since,  howi-ver.it  is  tb  m 
of  the  Seol-tx  which  undergoes  growth  and  segmentation,  it  i 

most  natm-al  to  assnme  the  indivi"ln«lin  <'| 
the  entire  chain,  and  to  8uboi-diii(it«  ui  llv| 
the  individuality  of   the  proglottiilw. 
development  of  the  tape-worm  is 
ex])laine<l  as  a  metamorphosis, 
by  the  individualization  of  certain  stap*^ 
the  development.     It  is  only  in  thn»  i 
in  which  the  young  form  produces  a  ntuai* 
of  heads  that   the  development  c»ii  t*  < 
plained  as  a  case  of  alternation  nf  irwii'i*-^ 
tions. 

The  development  of  some  tnpe-woiiu.N[i« 
sentjs    considcnible    simplilii-ations.    In  I" 
cysticercus  stage  the  vet>icle  fi-equently  dimiii- 
ishes  to  an  excessively  sumll  appendage,  and  the  C'ystiit<rcus  !■ 
a  fj-sticercoid  form,  in  wliicli  une  portion  l>earing  the  embn'onu 
is  distinct  from  a  larger  part  which  i-epi"e>«ntp  the  scolex  (fig*,  i'^- 
272).     In  other  cases  the  embiyo  becomes  a  Scolex  dirwtly  witboi'' 
passing  through    a  cystic    stage,  so 
tliat  the    Scolex  stage  is  merely  a 
late  stage  of   the  embryo  (Bot/irio- 
oephaliis).     Tlie  segments  produced 
from    the    Scolex    also    show    very 
dirt'erent    degi'oes   of    individuality, 
and  finally  ax-e  sometimes  not  deve- 
loped   at    all.      In    the    latter   case 
(Can/op/ii/l{.ff!iia)  the  head  and  Ixwly 
cannot  be  sharjdy  distinguished  from 
one  another,  and  represent  only  one 
single   indix'idual    compai-able   to    a 
Trematode  and  characteiised  by  its 

single  generative  ajijiaratus.     Its  development  is  to  be  lool 
as  a  meltunorphosis  crompleting  itself  iu  one  individual. 

Fiu».    Tanlkda.    The  ai'mntuit:  of  the  head  consists  of  fonr  miucuUr 
to  which  la  frequently  nitdcd  a  sing'lc  or  double  circle  of  books  ou  the 


Fie.  in.—Scltinettitm*  Uk* 
from  tlio  biMly  mvttjr  ot  tk*  fc* 
worm  (iift«r  K.  Wf^ii'tiTift'^)  *> 
Brood-oap«ales  witb  tiiit*  CJiUa^ 
coida.  t,  CjsUcercoid  wtlh  i 
bead. 
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n>e  proplottidcs  hari?  a  margiiisl  .sexual  opening.  The  vasina  is  Dsually  long, 
■epaxnteil  from  tbc  uteriu,  anil  cnlaiyod  at  the  end  to  form  a  recc]itaculum 
■etninis  (fie.  265).  The  joniig  stn^-rt  are  Cyslieerci  or  Cysticpiv-oiilB,  rarely  quite 
mnthoni  camlal  vesicle  ;  paraf^itic  in  warm  an<l  cold-l>loo<led  animals. 

TtBtim  L.  (('yftiitimia  R.  Lkt).     Development  takes  place  with  Ini^  Tesiclu. 
Tin?  >K-niU  ari«  from  the  embryonic  veairle  it-self. 

T.  *>/<Kw.  L.  3 — 3  mctrt'ii  long.  The  donlile  circle  of  hooks  is  compose*!  of  26 
tiooks.  Tlie  ripe  projrlottidcs  aro  8 — 10  mm.  lann  and  6 — 7  mm.  liniafl  :  the 
ntenii  has  7 — 10  dendritic  hranche-s.  It  lives  in  the  human  intestine.  The 
8l*dder-wormii  bclonsring  to  it  (Cyitirereut  ivllnliuiis)  live  principally  in  the 
denual  cellular  tissue  and  in  tlic  mnscles  of  pigs,  but  also  in  the  human  iKidy 
(anscio,  eyes,  lirain),  in  which  self-infection  with  them  is  (Missible  if  a 
Ttmia  is  present  in  the  digestive  cniuvl  ;  more  rarely  in  the  muscles  of  the 
R'jc-det-r.  the  Dog.  and  the  Cat.  In  the  human  brain  the  ^'y«f)V/rc«or  acquires 
•*>  tlonjfatcil  funn,  and  sometimes  does  not  pnKluce  n  bead, 

T,  uifiiuita  Goenc''  nifdiooaHrllata  Kiiehenm..  in  the  intestine  of  Man,  dUtin- 

i  by  the  older  helminthologistB  as  n  variety  of 

'xi.   Head  without  circle  of  hooks  or  rostellum, 

V>at  with  four  more  powerful  tuckers.     The  Tajic- 

*orm  itaches  a  length  of  four  metres,  and  Ijccoraes 

:b  stronger  and  thicker.   The  Miaturc  proglottides 

about  18  mm.  long  and  7 — 'J  mm.  broad.     The 

ifnii*  fonns   20 — 33   dichotonicius   side    branches. 

If  l')iili(!rrcu»  lives  in  the  musi'les  of  the  ox  (fig. 

3),    It  appears  to   be  princi|>ally  distrihnti.d  in 

lie  warmer  paru  of  the  Old  World,  but   is  ofii-n 

i^wnd  in  great  numlH-m  in  many  places  in  the  north. 

r*f/Tii/«  Ooeic,  in  the  intcaiinni  canal  of  the  <log;. 

"c I 'jsticercu-s  is  known  iu  ('ijttieercut piirifnniiiji 

'he  liver  i.f  the  Hare  and  Rabbit.     T.  rrafi'vllit 

'Oil.  in  the  Cat.  ivitli  Cy$tieerc«t  fntcwtariii  of  the 

oon  niouHc.     T.  muryiwitii  Ilatsch.  of  the  I>og 

k«tclK!r'«  dog)  and  Wolf  with  Cyal ierrciii  tniHicol- 

bum  Knmiiuuits  and  Pigs,  an<I  occa'donally  in 

*tt  [I'jiH.  rUcemlh).     T.  rrattieep'  Uud.  in  the 

'ox  with  Cj/tt irrrcM/i  Umijicollif  from  the  thoracic 

•W'Jof  the  Kieldmou'tc.  T.  catnurut  T.  Sieb.  in  the  intestine  of  the  ghcc|i^o^, 
*itli  'oriiNrw  lerebriilU  iu  the  brain  of  one  year  old  sheep.  The  presence  of 
'"•nm  ill  either  pla<'<-8  lias  l)een  stateil,  as  for  iustanire  in  the  bofly  cavity  of 
""  Ualiliit.  T.  triiuienllui  Ru(L  in  the  intestine  of  the  Wea«el  and  the  Pole-cJit. 
IWilh  a  Cj/itirrrcut  which,  aeconling  to  KUchcnmeistcr,  lives  iu  the  hc|iatic 
["•"'•"fthf  Kield-tnou-ie, 

"'^imieitrri/er  Wcinl.     The  heads  bud  on  special  bnxid-capsulcs,  in  such  a 

J  tlial  their  invagiiuition  is  turned  towanls  the  lumen  of  the  vesicle  (fig, 

)•    T.  frliinocoectu  v.  8ieb.  (fig.  270)  in  the  iiitcntine  of  the  dog,  H — t  mm. 

>.  fnnuiiig  but  few  prtiglottide*.     The  hooks  on  the  bead  arc  numerous  but 

IL    Iti  Itlailder-worm  is  distinguishc<lby  the  triiiit  thickuessof  the  stratified 

•"'"iili.    It  lives  as  AVAia/vorpM*  principally  in  the  liver  and  the  lungs  of  Man 

(«■  *«iTi,„j)  n,,,)  of  dimicslic  auimais  (A'.  rcteriHorum).     The  first  form  is  also 

1   U.1   K.  attriripartriu  on  account  of  the  frequent  proiluction  (if 

■'■  '1  sccomlary  vesicles  :  it  usually  renthes  a  very  considerable  size  and 


Flo.  W3.— C».<ii»rc».  iif  r*iii<i 
mnliocamftlata,  mafpiifled 
alxiul  ei^bt  time*.  Tb«  heiul 
U  proCrodal. 


haa  a  vcrj-  irrepil'U'  shape :  while  that  form  which  inlinbits  domestic  mW(* 
E.  tenlieijiarirtiii,    more    frvqutaitly   retains  the   form  of  the  fiin|ile  vm 
KiimUy  thexc  ecliinocoocun  cyntJ!  frwjueutly  remain  sterile,  in  which  c»«tll 
are  call<<d  Acrjiluiloeytlt.    Another  and  indeed  (ntlioloincal  form  s  i^  i 
called  multilocular  EpkiMocvcoim,  which  was  for  a  loni;  time  taken  for  t  c 

cancer.     It  is  also  found  in  Uanmulitifl 
cattle),  and  here  presents  a  i-rinfa<iii(  i 
semblance   to  a    mate   nf    tulierclev_ 
ecbiuococcuH  disease  (kgdatid  , 
widely  s|irua<l    in    Icelanl.     Thifl 
likcHixe  seems  eodcmic  in  many  p]x*| 
Aunlralia. 

T.{Mirr,ittrnia).     The  CfttierrretiUn' 
i8  small,  and  lioa  bat  little  flaid  in  the  a»B 
portion  which  corresponds  to  the  n«cfc 
The  head  is  small,  bnt  has  a  icmall  ^ 
sluipcd  iir  pMboscis-likc  rostellum.  ml  » 
furnished  with  weak  hooks.    The  ecs' « 
proridod    with    several    membranepi.   Tit 
embryo    is    usually  furnished   with  lup 
hooks.    The  Cyatic<?rcoi<l  tU^^  Ijtb  |im- 
cipally  in  Invcricbratrs  (in  Slaps.  In 
etc.),    and    more    rarely    in    oold-lil 
Vertebrates  (the  Tench).      T.  cw 
Blooh,    in    the    intestine    nf    dogs  (b 
dogs).    The  Cysticercoiil  is  entirely  wiUnil 
the  caudal  vemcle,  and  livei  (ao-or4iii|  Ic^ 
MelnikoS   and  K.   I^uckart)  in  ih 
cavity  of  the  Dog-louse  (  TrirhMlfCtn 
The  infection  with  the  Cy3licert"oid»  i 
place  when  the  dot;  swallnws  the 
which  are  annoying  him.  while  tl 
sites  swallow  the  c);^s  contained  in  Im 
adherent  to  the  hair  of  the  ilop.     Keaiif 
allie<l  is  T.  tUiptica  Batwlt.  iu  the  Ictatta 
of  the  Cat,  occasionally  iu  that  of  Hift 
T.  liana  Bilh.  v.  Sieb.   in   llic  ln»«unc  d 
the  .\byssinians.  hardly  an  inch  lonj.    T. 
Harvpunitata  Weiul.  in  tlic  human  intoAK 
(North  America).     The  <  'ystioerooids  d  tii 
Meal-worm   are   probably  dcTclofieri  txl* 
tapo-wonng  in  the  intestines  of  Xin  ttt 
RaU. 

In  other  partially  uuMrmeri  Tlraaw  0* 
gencnitivu  organs  and  development  M*<i 
yet  not  accurately  known  ;  such  ir»— ' 
prr/tiliatu  tJoezc,  and  T.jilifiitii  Rud.  in  the  horse:  T. /iretituUu  OoeaciiCtt 
hare  ;  7'.  i/injiar  Uuil.  in  the  frog  j   T.  i-j-patua  Im.  iu  the  ox, 

Fam.  Bothriooephalid*.  With  only  two  suckers,  which  ars  weak  Mil  S* 
The  generative  or^'ans,  as  a  rule,  open  upon  the  surfnoe  of  the  ptoglottw.  Hi 
proglottides  du  not  become  detached  singly.  Hydatid  stage  repmented  ^ 
an  encyste<l  Scolex. 


ordini  to 
the  b^ 

iM 

the  Jii^" 


Fia. 


S7i  a.—Biit%rionfl>nlia  laliu  (nfUir 
R.  I^Qckart). 


•laaplialu*  Brenis.  Segmented  body.  Hea<l  with  two  pits,  without 
Tbc  gcnitnl  oiieiiings  are  on  the  middie  of  llie  ventml  surfeoe.  The 
tage  usually  in  ilshes.  Ji.  latMn  Hrems.,  the  largest  of  the  tape-worms 
e  is  iniui.  twenty-four  to  tliiily  feet  in  length,  principally  found  in 
t'olAiid,  SHitzerland,  and  South  France.  The  sexually  mature  segments 
Ucrthau  they  are  lonu  (about  10 — 12  mm.  broad  and  3 — 5  mm.  lon({). 
not  become  detached  singly,  but  in  groups  (fig.  274).  The  segments 
hiclennost  portion  of  the  body  are,  how- 
iTOwer  and  longer.  The  head  is  club- 
ind  i*  pn^videil  with  two  slit-like  pits, 
leal  (jarts  of  the  lateral  regions  uf  the 
itjtin  a  number  of  round  masses  of 
the  i/M-gUiHih  (fig.  27fi,  Dur),  the 
of  which  are  iMiunxl  into  the  shell 
coiled  glands)  through  the  so-calleil 
ct«. 

nitAl  openings  lie  close  together,  one 
le  other,  in  the  midst  of  the  iu^ment 
»).  The  anterior  and  Ii\rger  belongs  to 
generative  apparatus,  and  lewis  into  the  muscular  terminal  portion 
s  deferens,  which  is  enclosed  in  the  cirrus  sheath  and  can  be  eva- 
I  the  cirrus  (lig.  275,  TA).  The  vas  deferens  just  before  its  entrance 
'irrus  |x>uch  is  dilated  (fig.  27.5  b)  to  form  a  large  muscular  swelling 
bU  aemiiialis  ,').    It  then  becomes  coiled,  and  passes  in  the  direction 


Fto.  274  t.— Larva  of  a  Bothrio- 
cephaluA  from  the  Smelt  (after 
B.  Leuckart). 


blve  Offpiiw  of  a  twxnnlly  mature  proulottia  of  ButSriocfftlmltn  la'us  (after 
kod  R.  Lvuclmrl) ;  ri,  from  the  ventral  Hurfooe,  b,  from  the  domul  Rnrfiiee.  Ov 
U7i  VI.  nteru*;  Si,  ahcll  glnud;  StI,  viteUarimn  (yolk  Kl*Q<l)i  '",  vuh-inu  witli 
TV  tMUs  ;  a,  poDCli  of  like  cimu ;  Vd,  vas  defcreiui. 


>g  axu  of  the  segment  on  the  dorsal  surface  and  divides  into  two 
ches.  Those  receive  the  efferent  canals  of  the  delicate  testicular 
Ji  occupy  the  kteml  parts  of  the  middle  layer  (7").  The  female 
ening  (fig.  27fi  «)  Icails  into  a  vagina  (  Va)  xitiiated  Ix'hitid  the  pouch 
^^hld  frequently  filled  ndth  semen.     This  vagina  runs  as  a  tolerably 
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»«n»lly  mature  Casloid  still  fixed  by  sii  a)>pendi^re  bearing  the  cmbryonio 
hooln,    .\rrkigftrt   Sirbnldii    l^kt.      With   two    weak   suckers    ami   a  caudal 

Order   4. — Nemertini*=Rhynchocceua. 

Slimjatvi,  /trquetUly  hand-$luiped  Plnti/helinint/teii,  with  ttraight 
dmtrimy  ennrU  openimj  by  nn  anitt,  and  witk 
«  tfjumU  jnrotrii«ibh  proliogcU.      f'»iuiUi/  tnith 
Oto  eiliited  ])iu    in   Me  cepftalic  regi<m.      The 
««»  art  tepartUe. 

He  XemeritTieti  are  dii>tinguiahe<i  not  only 
oy  their  elongated  form,  but  also  by  their  con- 
nimble  8use  and  high  organizntion.  Thick 
■yw  rf  mtisclea,  travet-sed  by  connective  tissue, 
vctpread  benenth  the  integument,  which  con- 
••iiw  pigment  a*  well  as  fliisk-shnped  nmcous 
?'«n(i^  The  ext-ernal  layer  of  longitudinal 
"xiseles,  strongly  developed  in   the  Anopla,  is  |  VlE9Jl|t(J)'« 

'  "Sating  in  the  Erw]->la  (Nemertines,  t.lie  probos- 
lOx  of  which  is  armed  with  stylets),  in  which 
o«p  there  ia  only  an  outer  layer  of  cii-cular 
,  and  an  inner  layer  of  longitudinal 
A  long  tubular  protrusilde  pi-oboscis, 
liicli  JB  BometimeB  armed  with  stylet-shaped 
,  in  a]way»  found  at  the  anterior  end  of  the 
above  the  buccal  cavity,  and  projects 
eh  a  special  pn«x)i'al  opening  (tig.  276),  and 
■*»»  be  retracted  into  a  special  muscular  shwith 
*>|i*nte  from  the  body  cavity.  At  the  bottom 
the  prineipil  portion  of  the  prolxiscis,  there 
miiny  yeniertines  (Ennpla)  a  large  spine, 
ch  is  directed  forwards,  and  at  its  sides 
small  secondary  spines  in  pouches. 
I  poMterior  glandtilar  jxjrtion  of  the  pi-obosois, 
which  retractor  muscles  are  attached,  is, 
ng  to  Cln[>arfede,  to  be  regarded  as  a 
apparatus.     When  the  prolxJ.«cis  is   pro- 


K,  (le  Qoatrctages,  "  M<:-mnirc  sur  In  famille  des 
■teu-ninc*,"  Ann.  rf«  ,>4-  \at..  .Ser.  3.  Tom.  VI.,  1846. 
■clnlMh.  "On  the  Structure  of  the  British  Nemcrte- 
[Traiitact.  Edinh.  Ilinjal  .»w-.,  Tom  XXV.,  I   A:  2, 

'  ,  "  Mr-moire  nur  I'KmbrTolo-^e  des  Nemertes,"   Paris,   1877.     Hubrecht. 
"  UDgen  iiber  Nomertinen,  etc.."  Sifderl.  Archir..  Tom.  II. 


Fl«.  23>i.  —  THtnut^ma 
ohtcMntm  (after  M. 
Bolmluc).  Younif 
specimen  niMut  3  lines 
in  Icn^h  ;  O,  month  ; 
D,  iute»Liuc ;  A,  nniu  ; 
Bff,  blooil  vefli«e)ii ;  R, 
pml>o«cia  iirmed  with 
•t;lct:  Sx.  lateral 
tmnlu  of  the  excre* 
Uiry  sjrstem;  F,  ex- 
cretory pore;  6, 
ciliiite^l  pit :  y'e,  nerre 
ceuiro ;  S».  lateral 
nerve  trunks ;  Oe, 
oyee. 
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trudetl,  it  its  inverted  like  the  finger  of  a  glove,  so  th&t  the  hlii 
end  At  which  the  spinex  are  placed  lieeomes  the  extreme  front 
of  the  protruiled  proboscis. 

The  (rain  attains  a  considerable  development.  Its  two  halves »« 
connected  by  a  double  comniissuiv  whicli  embrwcee  the  pi-oboaciN  *iiJ 
in  them  several  lobes,  usually  a  doi-sal  and  ventnil,  umy  lie  ilistiji- 
giiishetl.  The  two  ventral  lobei>  are  produced  into  the  two  launl 
nerve  tninks,  which  in  oertiun  cases,  (Verttedtia)  may  appmwli 
eac-h  otlier  on  the  ventnil  surfaoe.  The  ner\-e  trunlu;  contain  not  otJj 
Ubres  but  also  a  superlieial  layer  of  ganglion  cells,  which  may  pw 
rise  to  ganglion-like  euliugements  at  the  points  of  eiit  of  the  uerm 
biiinches.  In  the  embryos  of  Progorochiaitg  ClaparMii  the  nerw 
trunks  ai-e  said  to  end  in  an  enlargement.  In  the  cephalic  re?ic«| 
there  ai*  two  strongly  ciliated  depi-essions  known  as  the  cepliato; 
slits,  beneath  which  sjiecial  lateral  organs,  supplieil  with  nerves  fi 
the  brain  or  it  may  be  posterior  lobes  of  the  bi-ain  ittself,  are  pli 
These  stnictures  are  probably  sense  orgivns.  The  cephalic  alits!  « 
formerly  erroneously  taken  for  the  openings  of  i-espiratory  arpni^ 
Eyes  are  widely  distributed,  and  usually  consist  of  sample  pigmwrt 
spots  which  nirely  contain  refnictive  Ixidies,  Exceptionally,  u 
in  Oersledti'i  /xiilid^i,  two  otolithic  vesicles  are  found  on  th» 
liniin. 

The  Nemertines,  unlike  all  other  PlnlyMmintheH,  possess  a  blood- 
vascular  system.  This  consists  of  two  sinuous  lateral  veteels  iki 
which  the  blood  flows  from  befoi'e  l>ackwards,  and  a  straight 
vessel  in  which  the  blfwd  flows  in  the  i-evei-se  direction.  Tliia 
is  connected  with  the  ventral  vessel  at  the  posterior  end  of  the  Wy 
and  in  the  region  of  the  brain  by  wide  loops,  and  in  the  rent  of  •'-•' 
course  by  numerous  narrower  transverse  anastomoses.  These  wssrk 
lie  in  the  Iwdy  cavity  and  have  contractile  walls.  Tl»e  blond  i* 
usually  colonrlefK,  but  in  some  species  it  is  red.  In  Amphiponu 
gplnidans,  Borhisin  nplendida,  the  red  colour  (lia-moglobin)  is  rnn- 
tainetl  in  tlie  oval  di.s<--sliaped  l>loo<l  corpuscles. 

The  Nomertincs  ai-e,  with  some  few  exceptions  (liorleuia  ]urmit- 
phroditica),  tlioecious.     The  two  kinds  of  generative  organs  have 
same  atnictm-e,  and  ni-e  sacs  filled  with  ova  or  sjiernintofon  lyinje 
the  Literal  jxirtions  of  the  body  between  the  pouches  nf  the  int«<t 
and  opening  to  the  exterior  by  paired  openings  in  the  body  wnH. 
The   ova,  when  laid,  fre(|uently  remain  connected  by  a  gelatinOB* 
suhstance,  and  are  deposited  in  irregular  masses  or  in  strings,  frow 
the  middle  of  which  the  animal  creeps  out,  like  the  leech  out 


I 


341 

Some  forms,  as  Promroclnnus  Cln)yiridii  and  Tetrastemvva 
in,  are  %'i\n  parous. 
Some  of  the  Anopla  develop  with  u  metamorphosis.  The  larra  \» 
iliated  and 
ay  pass 
h  roug  h  a 
-wvimming 
stage,  in  which 
civse  it  is  known 
u»  the  I'ili- 
dium,  or  it 
iruiy  l>e  without 
suci)  a  stitge 
{Typeo/De»or). 
In  botli  cuiies 
the  perfect 
worm  is  deve- 
lope<I  within 
the  skill  of  the 
ciliated     larva. 

I  The  Pilidium  larva  is  helmet-shajjed,  and  was  formerly  described  as 
1^  the  specieti  of  a  suppossed  iudepeiideut  genus,  Pilidium,  and  presents 
^b  l\Jlliit)'l  many     uualugii^     to     the 


Flo.  277.— Pf/iVitHw  (afior  E.  Metocbnikoff).  o,  trev  awmuniiig  larva 
with  inva^nA(o4  cavity  ;  &,  lut<;r  i^tagc,  helmot-sbaped ;  £,  £'  the 
twa  pairs  of  eotodennal  invagiuatioon ;  D,  alimeDtary  canal. 


Its.  178.— Later  staite  of  PUidinm,  rrilii  tiiftoF  cilia 
and  esoloiMd  Nomertine  (after  Bttt«chli);  Or. 
Oaophacna ;  I>.  alincittarj'  canal ;  Am,  amnion  ; 
M,  rndiniantar>-  protHMciB  of  the  Nemcrtine;  So. 
launlpit. 
I 


Eciiiuodei'm  larva.  In  the 
case  of  the  Pilidium,  the 
segmentation  i.s  regular, 
and  i-esult.s  in  the  formation 
of  a  spherical  ciliateiJ  em- 
iiryo,  which  is  hatched  and 
becomes  a  free-swimming 
larva  j  the  archenteron  is 
then  formed  by  invagina- 
tion ;  and  at  the  side  of  the 
embiyo,  opposite  the  blasto- 
pore, a  long  flagellum  is 
developed  (tig.  277,  «).  On 
each  side  of  the  mouth  a 
bi-oad  lobe  grows  out,  the 
edges  of  which  aiv  fiinged 
with    cilia    {tig.    277,    b). 


Two  pairs  of  invaginations  of  the  ectoderm  now  make  their  appear- 


■342  PLATTH£LIIinTHE8. 

Riipe,  formiiiii;  the  first  rudiment  of  the  Nemertine  body.  The  fon 
discs  so  formed  fuse  together  and  give  rise  to  a  ventral  gennintl 
plfite,  which  graduully  grows  round  the  alimentary  cunal  af  tlif 
Pilidium  to  form  the  skm  of  the  future  Nemertine.  The  prohoeb 
arises  as  iin  inviiginatiou  of  the  anterior  end  of  the  germinal  plaW 
(fig.  278).  The  young  Nemertine  sul)se*juently  breaki*  iliroti^ 
the  Irtrviil  skin. 

The  Nemei-tine«  live  pi-incipally  in  the  sea,  under  stones  in  tl* 
mud,   but   the  smaller  species  swim  about  freely.     There  ar»  »l» 
forms  which   live  on  the  land,  as  well  as  pehigie  fomiii.     CenAin 
species  form  tubes  und  pas-sages  which  are  lined  with  a  slimy  »*c»>^ 
tion.     The  food  of  the  larger  species  principally  consists  of  tabicoiuit* 
worms,  which  they  extract  from  their  liabitationB  by  mc»ns  "<  <''■ 
proboscis.     There  are,  however,  {Miiudtic  Nemertiues  which  n  : 
Crustacea  or  live  on  the  mantle  and  gills  of  MoUutcti,     In  tliit  at 
they  are,  Uke  tlie    Hinidintui,   furnished   with  a  jK>sterior  meha 
(MiUaeoMella).     The  Nemertines  are  distiugiiislietl  by  their  ttfta- 
ductive  capacity  and  by  their  tenacity  of  life.     Mutihited  puts  «n 
quickly  regenerated,  and  tlie  parts  into  which  certain  sjiecies  rawiiij 
break  arc  said  to  have  the  capacity,  under  favournf>lf«  cunditinmi.  i»t 
develojniig  into  new  animals. 

1.  Sub-order;   Enopla. — Tlie    pi-olioscis   is    armed    with    styleUj 
The  short,  often  fuiuiel-shnpeil   cephalic  slits  ai«  connected  will 
latei-al  organs,  which  correspond  to  the  p(xsterior  cerebral  lobe*  fl 
the  Aiuipla,     In  the   brain  the  upper  lobes  aiv    slightly  clougiU 
posteiiorly  leaving  tlie  ventral  lobes,  from  whicli  the  latrmi  turr 
arise,  quite  fi'ee.     Development  takes  place  without  nietamorphniak. 

Kiim.  AmphiporidsB.  The  jranirlin  ai*  more  roumlwl,  the  Ut«r«l  uem 
trunks  arp  plnoed  inside  the  dermal  mn»clc«.  The  mouth  in  im  Ihw  vaitni 
surface  near  the  anterior  end  of  the  bocly.  in  front  of  the  commiKsun^  lxrtitw« 
the  ganglia.  The  lateral  orgnns  arc  »e|uirate[l  from  the  brain  anil  cvnn^to) 
with  it  by  fibres  :  fbey  contain  n  narrow  wnter  canal.  Amphipitnu  Urtti 
tlohnst.  Lives  under  stones,  and  is  diitribulefl  from  the  North  ."-cm  Io  ill 
Me<literranean,  S — 4  in.  long.  .-I.  tjiprtuhilit  t^uatr.  Jturtajria  tptmditla 
Medilerraiican,  and  Adriatic.  Ti-trantrmma  iiturvmm  M.  Solt  Vitiiuf 
Baltia     T.ai/rirtila  Will.  Suhm.,  terrestrial.     .Vemt-rtrt  graeilit  Jobntl. 

2,  Sub-order  :  Anopla. — The   prolioscis   is    unarmed.      The  Io 
cephalic  slit>i  occupy  the  whole  side,  or  the  suit^rior  juirt  of  the  bai4 
and  lead  into  the  lateml  organs,  which  are  direct  proecases  of 
upper  lobes  of   the  brain.     Development  frequently  by  maui*  <ij 
ciliated  larvie. 
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Ganglion  elongated.  The  head  baa  deep  slitii  on  either  side. 
Zimvainatw  Mont..  Z.  IrHgitninun  Sim.  (sea  long-worm,  JJorlimiit  anfliea 
Oh*.  Xrmrrtft  Unrta-tH  Cut.),  grown  to  a  length  of  15  foot  and  more. 
b|IUi  coan.  0:rrhratultu  mnrginatKA  — Meekelia  jumiittiitmnw  F.S.  Lkt., 
Idrialic  ind  Mediterranean.  Mirrura  /atruAata  Ebrl>g.,  North  Seaa  to  the 
iilmiie. 

Kui.  Oephalotricluda.  Ce|ihalic  slits  and  Interal  organs  arc  ^ranting.  Head 
WdiiUnd.  very  long  aiid  [lointed.     CfphaUithf'ij-  Honiltita  Ocrst.  Sund^ 

MtltrtMella  grnma  0.  Fr.  Miill.  Body  broad  nnd  Hat,  with  [(ontcrior  sucker. 
bpuMUicin  the  mantle  canty  of  various  Mollnsca.  as  Mija,  Ci/jiriiM,  etc 


CLASS   IL— NEMATHELMINTHE-S. 

Btuitd  vormt  wUli  tuhtdar  or  jUiform  bodies.     Th«  cuticle  ia  fre- 

'jf  ringed.     The    anterior  pole    is  i;iUitr   armed   with  hooka  or 

teiik  papillce.     The  sexes  are  separate. 

Hie  anaegmented  body  is  rouuded,  more  or  leas  elongated,  tubulin' 

<T  tiliform,  and  both  ends  ai-e,  its  n  rule,  tapered  off.     Appendages 

***  alnys  wanting,  iis  are,  with  few  exceptions,  uirjviible  bristlas. 

^  the  other  hand,  speciAl  organs  for  attack  and  attachment,  such 

*•    teeth  and  hooks,  are   not   unfrequently  present  on  the  unterior 

^**i  of  the  Jjody ;  and  in  some  ca»ses  huiuII  suckers,  which  serve  for 

"^^^aiciimeut   during   copulation,  may  be   developed   on  the   ventral 

^**ia«!,     A«  a  rule,  the  integument  possesses  a  cuticiilur   layer  of 

^  ^••lively  conKiderable    thickneKs   and   a  well    <levelo{)e<l    mtisculiir 

'-■"tr,  which  permittt  not  only  of  the  body  lieing  knottetl,  curved,  and 

__-j «il,  but.  in  the  thin  filiform  iWww <(«/<«,  of  undulatory  movements. 

^^e  body  cavity  is  enclose<l  by  tlie  muMCular  body  wall,  and  con- 

^^i-iid  the    blooil    fluid    and    the   digestive   and    generative    organs. 

^^^<iod  vessels    and    respirator;/    ort/aiis    are   wanting.      A    nervous 

'~mt«ii  i*.  however,   always  present.       Of   sense  organs  simple  eyes 

"'^  not   unfrecjuently  present  in  the  free  living  forms.     The  sense 

touch    in    probably    distributed   ail    over   the   surface    of    the 

ly,   purticidarly   on   the    anterior   end,   et^pecially    when  papilln? 

^^•~»d  Up-like  proiuineiices  or  bristles  are  found  on  it.     While  in  the 

■*"*-  ^nntkoeepkaltt  mouth  and  alimfutaiy  cjiniil  are  wimpletely  alwent, 

*-*•*  .VfToatoda  posseiw  a  mouth  placed  at  the  anterior  pole  of  the 

~**-*iy,  on  awophagUK,  and  an  elongate<l  straight  digestive  canal,  which 

*■"■  ■taittUy  0{)enB    by  the  anus  on    the  ventral    surface    near  the    |)08- 

^  ^-aior  «nd  of  the  bo<ly.     The  excretory  onjans  have  various  forms, 

**"*xl  lilways  differ  consideralily  from  those  of  the  Plalwles.     In  the 

'^^'maltxln  tliey  consist  of  jxiired  canals,  which  oj>en  by  a  common 

X*«it»  and    lie    in    the    so-cidled    lateral  lines.       In    the    Acant/ioc«- 
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phata  they  are  bmncliing  subcutaneous  canals.     With  n  few  tjw^  | 
tions    the    Xeinathtlinintltea    have    sepai:ate<i    seices,   and   dcnkf 
directly  without  metamorphosi».     The  larrtt  und  sexual  aniinalt • 
not  unfi-equently  distributed  in  two  different  hoote. 

^  The   majority  of    the  NemathtUmn^ 

are  pax^aaitee  either  during  the  whole  periol 
of  their  life  or  at  diflereut  stages.    Th« 
are,  however,  also  fi*ee  living  forms  whii* 
often  show  the  closest  relationship  tu  ibe  I 
parasitic  members  of  the  group. 

Order    1. — Nematoda     (Thread-woub).* 

Xe»wlhtliniiUht«,  vriUt  mouth  mid  aii 
metttar}/  cuikU.  Titty  arr.  prineipnilf 
pantaita. 

The  Neuiatodes  poKxcas  on  extmaaljl 
elongated  throdd-like  bo<ly,  which  ui«vl»] 
provided  with  papillie  at  the  anterior  jnlt 
in  the  region  of  the  mouth,  or  with  hooto 
and  spines  within  the  oral  cavity.  TVl 
mouth  leads  into  a  imrrow  <KiOph«gu».l 
which  usually  has  thick  muscular  mlU.  *J 
chitinous  lining,  and  a  trinugulnr  liuieotj 
and  is  freinieutly  dilatetl  behind  to  »j 
mnscubir  bulb  (pharynx).  In  c«tia| 
genem  (^RhnhdUin,  Oryuria),  the  chilinoi 

©„ .  lining  of  the  phai-jTis  is  raLseil  into  ridj 

\i^  or   tooth-like  promiueuoes,   to  which  lli*| 

\  *   BtwUK-s    tbt-    nlder   writiiip.    of   Rudi>l[J 

I  Breniser,   Cloqnet,   iHijardiii.  coiuiairo  Dia^Mil 

"Systema  lielminUium,"  2   Bdc  Wien,  IMO-'l'f 
Dieting,    "  Ri'Tisioii   der    Ncnmtoiieii,"    ITkw'J 
Sit:tiiig»hirieht,.  18(H».     < 'laiKiriile,  "Pel 
niatiiin  ot  rtc  la  fi»;iiijflatiiin  ilcs  atvk  i 
vei-s  Nt-matfides,"  (teneve,  I8nt;.     A. 
•■  Mijui));rnplii«    dor   Npinntoden."  Itcrlil 
K.    Lt'Ufkart.   ••  Uiitcmucbuiiseii   iibcr 
spiralis,"    Leipzig    and    Heidelberg,   IHlJ*,  ' 
edition ;  also  "  Hie  nienso1ili''hcn  V'sm-'^itsn."**'^  ' 
Tom.  II.,  I.,c>ipzik.'  nn<l  H  ■  ^ 
"  Uclier    I.cpt«lcra    ay: 
18fi8.     0.  Biltschli,    'l' 
bi'iden    Neniatoden  der   I 
Zeituehr.  fiir   HVm.  iTixii.,  Tom.  XXI.,  1871.      .\nd       i 
lies  Nervejwystoms  der  Ncmatoden."  Arehir.  fir  Mikr  A>iati>mie,  Turn  X. 


FlO.  270.— Ox]fiiru  rtnticnlarit 
(after  R.  Leui'kart).  u,  fLiiuUo ; 
Ot  moath ;  A,  auus ;  I*,  ^nitnl 
opening ;  b,  male  with  cnrved 
pcwtcrior  endi  r,  the  tntt45r 
ciiUrgcU ;  8f,  ttpicnlum;  rf, 
i^H  with  euclosod  otul'ryo. 


NEUATODA.. 

Tes  converge  in  the  form  of  conical  bundles,  Acoord- 
ig  to  its  function,  the  rpsoplia^is  is  essentially  a  suctorial  tulie, 
liich  pumps  in  fluids,  and  by  peiistaltic  action  pasi«s  them  on  to 
lie  iotestine.  The  intestine  follows  the  pharpjx,  and  opens  by  the 
fitts  not  far  from  the  hind  end  of  the  boily  on  the  ventnil  surface 
fig,  279).  It»  walls  ai-e  fonned  of  cells  and  are  non-mu,scular, 
sxcept  l>ehind,  where  they  have  a  special  uivestment  of  muscular 
fibres  which  render  the  terminal  jiortion  contractile.  Muscular 
filtit^  pKShing  fi-om  the  \iody  wall  to  the  wall  of  the  rectum  ui*e  also 
(n»jiieiitly  present.  In  certain  Newjit<Hle.s  the  anus  may  be  want- 
ing (Menitia)  ;  and  in  Gordius  even  the  alimentary 
wiiuil  uiidergoeii  degeneration. 

I,  Benaith  the  .still'  cuticle,  which  is  often  tiiins- 
fcely  ringed,  and  is  comiwsed  of  several  layei-s, 
■It  BOft  granular  nucleated  sub-cuticulai'  layer 
H^Mbmiu),  which  is  to  be  i«gardeil  as  the  matrix 
>f  the  former.  Beneath  this  lies  the  highly  deve- 
opeil  mur<-ular  layer,  in  which  lmiul-shii|)e(l  or  fu.si- 
"nu  longitudiiial  muscles  [iredoiuiiiHte,  The  surface 
f  the  body  may  pi-esent  markings,  as  for  instance 
lta||dtic  spaces  and  longitudinal  rilis,  also  pro- 
BIRB  the  form  of  tulieirles,  spines,*  and  haii-s. 
'dyses,  %.«,,  ahedding  the  eulicitlar  layer,  seem 
'y  to  occur  in  the  young  forms.  The  muscles 
*  eicb  oomjKised  of  a  single  cell,  in  which  two 
'"**(  are  distinguishable, — a  clear,  sometimes  a 
^tiular  pn)topla.smic  portion  (medullary  sul>- 
*ice),  which  pi-ojoctj*  into  the  body  cavity  and 
'^•ften  prolonged  into  ])rfK!e>ses  ;  and  an  external 
'nUated  layer  (fig.  28U).  The  Nematodes  may 
distinguished  a*  Meromijarut  or  Poljfviyaria, 
"Qrding  to  the  aiTangement  of  their  mu.scular  system.  In  the 
>*omyaria  the  number  of  muscle  cells  (which  are  airanged 
^Drding  to  definite  laws)  in  the  cross  section  is  small  (eight), 
>ile  ill  the  Polymyaria  their  iiuml)er  is  considenible.  In  the  latter 
*s  mu.^cle  cells  are  oft«ii  connected  togethci-  by  tnmsverse  prix'esses 
jhe  medullary  subsbince,  which  unite  on  the  so-called  median 
B  to  form  a  longitudinal  cord. 

Theiv  nmy  aloo  be  prominences  of  varinas  kinds,  nml  cvlmi  in  some  cases  n 
ttiplete  oovcrinjf  of  epines   {l'heiracttnlli««    IHea  ^  Oiiiit!uutii»i(i    Ow.,    Ch. 
ium  Fedscb.) 


Fia.  SM.  —  Miuclo- 
cell  of  It  AVmixImIp, 
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In  almost  eveiy  caae,  with  the  exception  of  Gordiv*,  ( 

regions  remain  free  from  muscle  and  fonn  the  go-called  In!- 

or  regii/M,  which  may  equal  in  breadth  the  neighboiirinji  uiiwiil" 
regions.     These   lat*nil    regions   ai-e    fi)rme<l   of   a   finelj-  pmtik 
n\tclested  substance,  and  enclose  a  clear  ve«<sel  containing  gnouk 
This  vessel  is  connecte<l  with  that  of  the  opposite  tdde  in  the  imwni« 
part  of  the  IkxIv,  and  the  two  ojien  by  a  common  tninsver«e  • 
vasctdar  port,  on  the  veutml   s\irface   in    the  median   line, 
lateiiil  lines  have  the  value,  both  as  regards  position  and  stnxfti^  I 
of   excretory  orffiin*.     Median  lines  (dorsal  and  rettiml),  acceaorr  1 
median   lines  (sub-median  lines),  the   latter  l>eing   placetl   be(ww 
the  principal  me<Uan  line  and  the  lHt«ral  line,  are  al60  to  b«  ilif-l 
tinguished.     The  so-ciilled  ventral  cord  of    Gorditig,   which  ni*Tb» 
eompLred  to  the  median  line  and  Iuls  perliaps  the  signiiican(«  of  DO 
ehvstic  i-od,  is  very  lai^.    Cutaneous  glands,  in  the  form  of  mc^- 
hilar  glands,  have  been  observed  principally  in  the  region  of  tlw 
oesophagus  ami  in  the  tail. 

The  nervous  system,  owing  to  the  difficulty  which  it«  inveiitig»tio« 
otfers,  hiis  only  lieen  satisfactorily  recognisetl  in  a  few  forms.  Itc<» 
sists  of  a  nerve  ring  suri-ouuding  the  eesophagiis,  i\nd  sending  ™ 
posteriorly  two  and  anteriorly  six  nen-e  trunks  {Ateari*  w/yii^ 
cep/i(da).  The  posterior  trunks  run  ui  the  dor,>sal  and  ventml  liii'' 
(y.  dormlia,  vmtraiit),  to  the  extremity  of  the  tail ;  while  of  H» 
six  anterior  nerves,  two  run  in  the  Liteitil  lines  (X.  latrraia),  f""' 
in  the  interspaces  between  the  latei-al  and  median  lines  (jV.  »«*• 
vitdimii),  and  supply  the  papillie  around  the  mouth.  The  pu^ 
cells  lie  partly  neai-,  in  front  of  and  l>ehind  the  nerve  ring,  \»i^ 
on  the  tibrous  cords  themselves,  and  are  anunged  in  gi-oups  wbiffl 
cftn  be  distinguished  as  ventral,  dorsal,  and  lateral  gitngliA.  Tim* 
are  in  addition  groups  of  ganglion  cells  in  the  median  lines  mul 'i 
the  lutcfiit  lines  iii  the  mudal  region. 

As  sense  organs  we  must  mention  the  eyes  foiuid  in  the  frit- 
living  ytvKtIofIa,  and  the  {uipillie  and  tactile  hairs  found  princiH.' 
in  the  neighlM)urlio<Kl  of  the  mcmth.  Each  papilla  Is  suppUiil  'T 
one  nerve  fibre,  which  is  swollen  to  a  knob  and  forms  the  (ud* " 
the  papilla. 

[The  NeoiutCKla  |>o%m.ss  a.  IxiHy  cavity,  but  are  without  any  tnioeol"''* 
oular  gyslem.] 


Generative    organs.       The   Nematodes  are   dicecious 
ception  of   the  herinaphoch-ite  Pelod;/tf«,    and  of   the 


s  (witB  «-  ■ 
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i»)  nigrov«no»wa,  which  prodiices  tii-st  opei-matozoii  and  later 

Ivn),    The  males  ai-e  chai-acteiiscd  hy  their  smaller  size,  and  by  the 

end  of  the  Ixxly  heuig  generally  curved.     Both  kinds  of 

live  organs  oonsiiit  of  single  or  pali-ed  and  often  much  coiled 

nh»,it  the  upper  end  of  which  the  generative  products  are  de- 

,  the  lower  ends  representing  the  efferent  dncts  «nd  recep- 

lof  tlie  generative  products.     The  usually  jMiiretl  ovarian  tubes, 

ihe  upper  ends  of   which  the  ova  arise,  teiininate  in  a  .short 

'  T^mi,  which  opens  on  the  ventral  surface,  nii-ely  near  the  posterior 

«iJ  of  the  hiody.     The   male  genenitive  apparatus,  which  contains 

li«l-)iliftped    xpermatozoa,  is   almost    invariably   represented    by   an 

[SniKiml  tulie,  and  usually  opens  on    the  ventnil   surface   near  the 

pistetior  end  of  the  IkxIv  in  a  coniiuon  fipeuing  with  the  intestine. 

s»  nile,  the  common  eloacal  jwrtion  coiitnins  two  pointed  chitinous 

l*i>ck  the   w-called    tpiciJn,    in    a    pouch-like    invagination,     Tlie.se 

pionLi  can  be  pi-otruded  and   retracte<l    liy  a  speciiil   nnjiscular  ap- 

,  and  sei-ve  to  fa«ten    the  male   twdy  to  the   female  during 

tion.     In  many  cases  (Slroiujiflidtr)  an  umbrella  like  bursa  is 

diied,  or  the  tei-minal  portion  of  the  cloaca  can  be  protiiid«l  like 

^\<fWi  (Trichijui)  ;  in  this  cjise  the  eloacal  aperture  lies  almost  at 

fcf  extreme   end  but   is  still   ventral  (AcrophalU).     In    the  male 

!  are  abnoet  alwaj's  present  m  the  region  of  the  posterior  end 

the  biMly,  and  their  number  and  ari-angement  afford  important 

fie  chai-acters. 

Development.    The   N'emafoda  for  the  most  part  lays  eggs  ;  it  is 

""ly  in  mre  cases  that  they  bear  living  young.     The  eggs  usually 

■Men  H    hard   sliell    and  may   be  laid   at   different    stages   of  the 

ihryonic  development  or  befoi-e  it  has  begun.     In  the  viviparous 

Je*  the  eggs  lose  their  delioite  membnuies  in  the  uterus  of 

ther   {Tric/iiiui,  Filaria).     Fertilizjitioii    Uikes  pl.'ice  by  the 

•'•tryof  a  spermatozoon  into  the  ovum,  which  is  still  without  a  mem- 

iie.    The  segmentation  is  equal,  and  leads  to  the  fonnation  of 

I  kind  of   invaginate  gsistrula.     From  the  two   cell  layers  are  de- 

the    biMly    wall    and    the   alimentary   ctinal.     Tlie    embryo 

»Uy  assumes  an   elongated   cylindriojil  form,  and  comes  tf)  lie 

U«l  up  in  several  coils  wnthin  the  shell.     The  excretory  ]>ore  and 

diment«  of  generative  organs,  as   well  as  a    nerve  ring,  nre 

in  the  embryo,  which  is   also    provided   with  mouth  and 

ktUk    The   free   development    is   a    metamorphosis,    usually  com- 

iit«(l  by  the  circumstance  that  it  is  not  undergone  in  the  habitat 

^  An  lagUwr.     The  young  stages  or  krvw,  probably  of  most  Nema- 
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todes,  have  a  difi'erent  habitat  to  that  of  the  liexaai  atiiiii«l:< 
young  iind  the  adult  Neuiatinie  being  contained  in  ditferent 
of   the   sjinie   or   even   of   diflierent   imimals.      The  lai-vw  liw  1 
the  most  port  in  piirenchyinntou.s  organs,  either  free  or  vt 
in   a   connective  tissue  capsule ;   the  adults,  on   the  contrarr,  liil 
princi|ially  in  the  alimeutnry  canal. 

The  embryo  i»  almost  invaj-iivbly  characterised  by  the  special  fora 
of  the  oral  and  caudal  extremities,  but  sometimes  also  by  the  (UMS- 
sion  of  a  boring  tooth,  or  of  a  cu'cle  of  spines  {Gordiui).  Soomt 
or  later  the  skin  ii*  shed,  and  the  animal  enters  its  second  »ug», 
which  may  often  still  be  cousidei*ed  as  a  larval  stage :  reprslcl 
ecdysea  precede  the  sexually  adult  stage. 

The    jiost-embr)"onic    development  of    the    Nematodes    jip- 
numeix>us  moditicatious.     In  the  simplest  cases   the  embrjn, 

still  enveloped  in  the  egg 
branes,  ve,   transported  p<sd< 
in  the  fooil  (O-rifurit  rtrmia 
and    I'rieluKxphaliis).     In 
Aacarida — to  judge  bytliesji 
paMisitie    in    the   Cat— ilie 
bryos,  which  ai*  provideil 
II  boring  tooth,  first  make 
way  into  an  iniermediaie 
by  which    they  are   tran~; 
into  the  int'Cstine  of  tlie  -•«. 
host  with  the  food  or  wat«r. 
More  frequently  the  young  forms  eucyst  within  the  intei 
host,  and,  cnclo.se<l  in  the  cyst,  ai-e  tiitnsf erred  into  the  fttomach 
intestine  of  the  permanent  host  (tig.  281 ).     For  example,  the  em 
of  Spiropttrn  ohtn-tm.  of  the  Mouse,  while  still  in  the  egg  meinlirenen 
are  taken  with  the  food  by  the  Meal-wonu,  in  the  body  cavit v  rfj 
which  they  encyst.     In  the  ^-iviparous  Tridtina  spiralU  then  v 
modiiicjition  of  this  mode  of  development  inasmuch  a.s  the  mi 
of  the  eiutirvos  and  their  development  to  the  encysted  form 
in   the  muscles   (muscle-lrichiua)   take   place  in   the  samp  auioiil 
which  contains  the  sexually  mature  intestinal  TncJilnas. 

The  developnieiit  of  the  Nenmtoile  larva>  often  makes  a  conudenU' 
advance  witliin  the  int*rmedi.Mtu  host  into  which  they  hove  migwl'A 
Thus,  for  instance,  in  CucttUauiu  eUgutm,  the  embryos  migrate  inw 
the  Ct/clopn,  and  in  the  b<jdy  cavity  of  these  small  t'nutacea  umfcuy 
two  eedyse.K  and  essential  alterations  of  form,  obtaining  nt  this  tati^ 


Flo.   3f*i.—Selrrttfttimnut     trtrticimllniw^ 
cyaMd  (after  B.  LonclcartX 
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the  characteri»tic  onJ  capsule  of  the  sexually  udulb  stage,  to 

they  only  develop  in  the  uitestine  of  the  Perch.     According 

Pediichenko,*  n  similar  mode  of  development  occurs  in  FUaria 

The  embryos  pnssjiiito  puddles  of  water,  and  migrate 

I  into  the  bodj'  cavity  of  the  C'/chpid^z ;  and  af tei'  ca^iting  their 

assume  a  form  which,  except  for  the  absence  of  the  onil  capsule, 

•mbles  that  of  the  larva  of  CuciiUumia.     After  the  expiration  of 

►•o  weeks  there  is  another  ecdysis,  with  which  is  connected  the  loss 

tlje  long  tail.     The  later  history  is  uaknown.     It  has  not  yet 


Vtm.  SBt.—  a,  WmUonrma  {AtearU)  nigrtK*mo*mm  of  nhont  A'5  mni.  in  len^h  in  tJie  MtA>re  df 
mstaritjr  of  »>«  nuiie  pmluru  ;  O,  fteuilnl  glands ;  0,  moatli ;  D,  iniogLiiie  -,  A,  antis  ;  JV, 
nerre-riug ;  t>n,  gliuululiu-  cclU ;  Z,  iaoloted  spcnQOtuvm.  h,  Miile  and  f cinido  Hkibditit 
(anna  troni  about  1  S  mm.  to  3  mm.  long ;  Or,  orary  ;  r,  Kiitid  :  V,  female  genual  i<j>enini; ; 
~  ^  a|>icaU. 

discovered  whether  the  migration  of  the  Filarian    larva  into 
pernument  host  (Man,  see  p.  356)  takes  place  with  the  lx>dy  of 

ps,  or  independently  aftei-  copulating  in  the  fi-ee  state. 
be  embrj'os  of  some  .Vtnuiioil/i  develop  in  damp  muddy  earth,  after 
dng  their  skin,  to  small  so-called  Uluibditis  forms  with  a  double 

L'oinpnrf  KwlM-huiiWn,  "  lleln?r  den  Ban  und  Entwirklnni;  ili-r  Kiliiria 
neusiB."  ill  the  lUrinhli n  ilrr  Pmndc  der  NatHni'niuMju-liiiJIeH  in  MtitkuH, 
VIIL  *aA  X. 
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enlargement  of  the  (osopha^iis  and  with  a  pharynx  armed  with  Ihwil 
te»<th.  Tliev  lead  an  indejiendent  life  in  this  habit^at,  and  fin 
uiignite  to  lead  a  puni-sitic  life  within  the  permanent  hiist,  wh 
after  several  erdysett  and  altenitionK  of  form,  they  attain  the  m 
mature  condition.  This  mode  of  development  occurs  in 
frigonocephuliui  from  the  intestine  of  the  dog,  and  very  prob»Klj  i| 
the  nearly  allied  D.  (Anci/toatomum)  duiodennlis  of  man,  and  aJtai 
Sderoittomnm. 

The  offnpring  of  parasitic  Nematode's  may,  however,  attMn  i 
maturity  in  damp  earth,  as  fi-ee  IVmltditU  forms,  and  repreMatt 
8|iecial  geneitition  of  forms  whose  offspring  again  migrate  and  ' 
panudtes.     Such  a  life  history  is  a  case  of  heterogamy.     It  ncfor* 
in  J{/ial>doiieiita  niyrovenosutu,  n  parasite  in  the  lungs  of  BatraduM^ 
These  parasites,  which  are  about  lialf  to  three-quarters  of  an  bA 
long,  all  have   the  xtructure  of  females,  but  contain    spermatacoi, 
which  are  protiuced  (as  in  the  vivipaj'ous  PfUxti/toji)  in  the  (muitt 
tnlies,  but  earlier  than  the  ova.     They  are  vi\'iparous.     The  emiinw 
uuxke  their  way  into  the  intestine  of  their  host,  and  accumuUtr  is 
the  rectum,  but  finally  jxuss  to   the  exterior   in   the  fa«ce»,  anil  • 
reach  the  damp  earth  or  muddy  water,  whei*  they  develop  in  n  »l»urt 
time  into  the  Rfiah<lUiji-\ike  forms,  which  have  separate  mxm  i 
are  barely  1   mm.  in  length  (fig.  382,  n  and  f>).     The  impi 
females  of  the  latter  pi-oducc  only  from  two  to  four  embryos,  whii 
become  free  in.side  the  liody  of  the  mother,  pass  into  her  bixly  cavi^ 
and  thei-e  feetl  on  her  organs,  which  disintegrate  to  form  a  granuli 
detritus.      They  finally  migrate  as  slender,  idready  tolera>ily 
Nematoiles  into  the  lungs  of  the   BalracJtia,  passing  through  'li 
bncBil  ca>'ity  and  glottis.     The  Leptodem  ajtf)mdiciilaln,  which  Ut 
in  the  slug   Arioii  emjnriconim,  also  presents  in  its  development  i 
like  alterurttiou  of  hetoi-omorphic  generation.s,   which,  howrvw,  tre 
not  strictly  alternating,  inasmuch   as  numerous  geneintioni;  of  ih' 
Rliabdilu  foi-m  may  succeed  one  another. 

The  LejitoJera  iire  }»eculiai-  in  that  the  form  parasitic  in  tbf 
snail  is  a  lai-va  chai-scterised  by  the  absence  of  a  mouth,  ami  1(1 
the  possession  of  two  long  band-ohaped  caudal  ap]iendngeii 
quickly  attains  maturity,  but  only  after  a  migiiition  into  damp  i 
and  after  losing  the  caudal  appendages  and  casting  the  skin, 

The  Nematoda  feed  on  organic  juices,  some  of  them  also  (m  1 
and  are  enabled  by  their  arine<l  mouth  to  inflict  wounds  and  to  ( 
tissues.     They  move  by  bending  their  lio<ly  with  a  rapid  nndabti 
movement  towaixls  the  ventral  and  dorsal  surfaces,  which  thus  )mm 
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the  lateral  surfaces  of  tlif  ranviiif;  iinimHi.  Most  A^evialoda 
knvsitic,  but  lend  an  independent  life  ui  cerUiin  stages  of  their 
story.  Nomei-ous  small  XenuUtnla,  however,  are  never  parasitic, 
ye  freely  in  fresh  and  salt  water  and  in  the  earth.  Some 
todes  are  panudtic  in  plants,  for  example,  AnyniUula  tritiei, 
i,  etc. ;  some  live  in  decaying  vegetable  matter,  e.g.,  the 
IT  worm  in  fermenting  vine.Tar  and  pvste.  Nevertheless  very 
r  forms  occur  in  the  contents  of  tlie  intestine  and  in  the  fieces 
Terent  animals  and  of  man  (.(.  intestinal u,  steraimliji).  The 
jxtssessed  by  small  Nematodn  of  resisting  the  effects  of  pi"o- 
1  desiccation  and  of  coming  to  life  ugniu  on  being  moistened 
r  remarkable. 

Atearida.  Body  tolerably  !?tont.  With  three  lips  funiished  with 
!.  One  (jf  these  lifis  is  directed  towards  the  dorsal  surface.  wUile  the  two 
meet  tocetlier  in  the  ventral  line.  The  poKterior  cud  of  ihe  male  w 
Jly  curTe<l,  and  usually  furnished  with  two  homy  spicala. 


— .^IjMru /MM&riMNin  (lifter  R.  LeuckHft).    <i,  fn^tt-rioroud  of  n  mole  with  tlie  twu 
I  {Sft).    6,  Anterior  eod  from  the  dorHul  tiiilf,  nitli  ttii-  ttorttnl  Up  funii«bod  wiLii 
kpUl*.    t,  Tho  Mime  from  the  vcntr*!  side  witU  ilie  two  InU'ral  ventral  li|»  and  llic 
Mory  pore  (iO.    >l,  Bg);  with  Iho  cxlenuU  mombraue  funned  of  amall  clear  epbuntle^. 

nr/'ji  L.  Pohinyarian,  with  three  strongly  developed  lips,  the  edges  of 
arv  in  the  larjrcr  species  proride<l  with  teeth.  The  pKirynx  is  not  sepa- 
os  a  distinct  hulb.  The  caudal  extremity  i.s  u.iiially  short  and  conical. 
1  the  male  sex  invariably  provided  with  two  spicula  (li||,',  28:1,  a),  .t. 
•iroidm  Cloijuct,  the  human  round  worm,  a  i<maUer  variety  in  tho  pig 
llti  Duj.)  The  eggs  pass  into  water  or  damp  earth  and  remain  there 
months,  nntil  the  embryonic  development  Is  eompleleil  ;  they  are  probably 
d  into  the  alimentary  canal  of  their  later  haot  by  means  of  an  inter- 
host.  .1.  me;/aloreji/ialu  C'loquet  (horse  and  ox);  A.  uiijitiij-  Zed. 
ig),  sumetimes  parasitic  in  man. 
rU  Uud.  Meromyarian  ;  usually  with  three  li|w,  which  licar  small 
The  |>oBterior  end  of  the  lesopliagus  is  enlarged  to  n  spherical  bulb 
Jed  with  a  masticatory  apparatus.  The  posicrior  end  of  the  body  of  the 
in  ihin  and  )iointed,  while  tliiit  of  the  male  has  only  two  piteanol  and  few 
al  papillio,  and  a  single  spicuUun  (tig.  27'.').  O  rrnMirulnriit  b..  in  the 
intedtine  of  man.  distribute"!  in  all  countries.  The  female  is  about  tea 
ng.     0.  enmila  Bud.,  in  the  ciecum  of  the  Horse. 


352 


MEMA.TIUXMIXTHX8. 


Kom.  Btrongylida.     The  tnnle  trunibi]  openinir  in  pUced  at  the  hinder  rM  i 
the  body,  at  the  bottom  of  an  lunbrdhi-  or  bell-shapetl  bunu.  the  imtpii^ 
which  is  furnished  with  a  varying  number  of  papillie. 
£ii't roMg i/liu  Dies.     With  eix  projecting  oral  papiUm,  and  »  row  of  [»)<1>  | 
cither  lateral  line.     The  bursa  is  bell-shaped   and  completely  cItwsl.KO 
Inr  muscular  walls  and  numerous  marginal  papillir.    Tliere  \i  <ralj<« 
spiculuni.     The  female  genital  opening  is  far  forward.     The  larvK  lire  eaql^ 
in   fishes.    (^Filarin  ri/ntica  from  Symbranfltuf).     A',  ^/jim  Uud.,  the  lx>*.ii 
the  female  is  three  feet  in  length,  and  only  twelve  mm.  thick.     It  Utis  sajlj 
in  the  pelvis  of  the  kidney  of  the  Seal  and  Otter,  and  very  rarely  in  Man. 
StriDiyi/lfn  Itud.     With   si-x  oral  papillie   luid   «mall   moutli.    Two  oioial 
cervical  [lapilla!  u()on  the  lateral   linet.    Ihe  )»»■ 
terior  end  of  the  male  has  an  urabrclla-likeinw* 
pletcly  closed   bursa.    Two   equal    spicula, 
with  uopaireii  sii|iporting  organ.    The  femolcl 
opening  i.<>  sometimes  approached  to  the  |<i 
end  of  the  body.     They  live  for  the  most  pan  in  «b« 
lungs  and  broMohial  tubes.     St,  loMgrrayiiuitu  IH»-| 
Body  26  mm.  long,  .i  to  7  mm.  thick.     The  female^ 
sexual   opening  lies  directly  in  front  of  the  tat*- 
and  leads  into  a  simple  ovarian  lul>e.     Ihily  <•* 
found  in  the  lung  of  a  six-year  ohl  boy,  in  Kl»i»»- 
bnrg.    at.  jtanuloj-tu  Mchlis,  in  the  branchial  tiii*> 
of  the  pig.     St.^tiVirui  Rud.,  in  the  bronchial  t«t«* 
of  the  sheep.     <#.  runimutatv*  Oief*.,  in  the  tnebt* 
and  bronchial  tubes  of  the  hare  and  luhbit    •<(.  i 
auricula  rit  Kud.,  in  the  small  intosUne  of  Jiatnfiit-m.  \ 

Oiirlimitit  Duj.     With  wide  month  ond  horny  f«»J 
capsule,  the  edge  uf  which  is  strongly  toothed.    T«t»  j 
ventrally  placetl  teeth  project  at  the  bottom  d  Ifc 
oral  capsule,  while  on  the  dorsal  wall  a  coaicsl  ^uiel 
projects   iibliqiicly   forwordii.     D.  liutidriuilw  Dot>-| 
(AMej/tiiitiitHMH  il Htidfiuilf  Dub.),  10  to  lt>  mm.  \m(i 
in  the  small  intestine  of  Man,  discovered  io  Itil; 
very  widely  tUstributefl  in  the  OiUUtries  of  llie  SB* 
(liilliarz  and  Griesinger).     By  aid   of  it«  (tiaiu;!^ 
armc<l  mouth  it  wounds  the  intestinal  mucom  niiB* 
hrnne,  and  sucks  the  blmxl  from  the  visseK    Hif 
Ere(iucnt  hiemurrhages  occasioneil  by  these  Dtei*>* 
nre  the  cause  of  the  illness  known  by  tin'  dud'  o' 
Egyptian  chlorfisis  (fig.  2M).      It  has   latclj  t«« 
estMblisheil   that   this  worm   occurs  in   Itnuil.  ■<■' 
that,  like  D.  trigomicrjihalut,  it  devcl«|»i  in  pu*ll» 
of  water  (Wueherer).    D.  trigomici-plialu*  UucL,  in  the  Dog.    Sflrrinlimmm  ItaJ- 
With  characters  of  DocUmius,  but  with  a  dilTerenl.  oral  capsule.  int<j  whiclit*' 
long  glanulnr  sacs  open.    iSo.fijuinumV>yx].''armiitum  Dies.    In  the  inlp^iw'*"' 
the  mesenteric  arteries  of  the  horse.     HoUiuger*  has  shown  that  fiic  phcnm*"' 
of  colic  in  the  horse  may  bo  referred  to  embolic  procesM.s   pmcewltne  'f* 
aneurism  of  the  intestinal  artery.     Koch  aneurism  contains  aliout  nine  umis* 

•  BoUing^^r,  "  Die  Kolik  der  Iferde  und  das  Wurmaneurysnia  iU»  taf 
weidcartericn,"  MUnchen,  1870. 


(af(«r  R.  Lcui'lumX  ".mule; 
O,  uiouih ;  B,  liurui.  Ii, 
FctuoJe ;  0,  rooutb}  A^  onus; 
r,  vulna. 
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trofiintkum  Mehlis,  also  iu  the  iiitextino  nf  the  horsi.'.  Tlie  embryos,  after 
grating  into  the  inteatine,  become  encysteil  in  tlic  wnlln  of  the  rectum  and 
)cam.  assum-:  wifhiu  the  cyst  their  dctioite  f<)rra.  break  out  from  the  cyst. 
id  «iiai|>e  »<^n  into  the  inte^itine.  CurHllnHim  rlrffiiiif  Zoil.,  in  the  Perch. 
Faui.  Trichotruhelidae,  with  long  neck-like  thin  anterior  portion  of  the 
cxly.  Mouth  small,  without  pa|iilliB.  <Kiopliaj?ug  very  long,  traversing  a 
lecnliftr  conl  of  cells. 

Triehcrtp/ialvj  Goete.  Anterior  part  (ftf;.  28ri)  of  the  l>ody  elongated  and 
»hip.'ih«pe<l:  (lostfrior  [inrt  cylindrical  and  shnrply  distinct,  encloninir  the 
|e»cr»livi>  orgjins.  in  the  male  it  is  coiled  u|).  Lateral  lines  absent.  Main 
■II  Imes  present.  The  pcuis  is  slender  and  furnished  with  a  sheath,  which 
K<I  inside  out  when  the  former  is  protruded.  The  hard-shelled,  citroii-ahaped 
•  nuiUrgo  the  first  pait  of  their  development  in  water.  7V.  il'mpiir  Kud.  In 
llinoian  colon  :  these  worms  do  not  live  fne  in  the  intestine,  but  bury  their 
anterior  extremity  in 
ntuoons  membrane  (dg. 
The  ejigs  pajis  out  of  the 
with  the  fa:cc9,  as  yet 
Sthout  a  8ign  of  VieginiiinR 
'le'cloiimeut,  which  only  takes 
pl««  nftcr  a  prolonged  sojouni 
in  the  water  or  in  a  damp 
p'^te.  Aeconliiig  to  the  ex- 
peiimcntii  tif  Lcnokart  jicr- 
fomic<l  with  Tr.  a/fiiiit  of  the 
•liwii  ami  TV.  crriuitmi  nt  the 
pu.',  I'tnlirj'Lis  with  the  egg 
"•^abmiids.  if  intrtiduceil  into 
**<•'  ini-aiine,  develop  into  the 
■"U't  TrIeotvphalHt ;  and  we 
"^y  therefore  conclude  tluit 
""^  human  Tr.  tlifjmr  is  iiitro- 
'"'•ei!  directly,  and  without  an 
Remediate  host  either  in  the 
Poking  water  or  in  unclpjjned 
The  young  7>'.  ilit/iar 
flrrt  hair-like,  and  re- 
ble*  a  TrirhiHii.  and  only 

ally  acqutres  the  eoiisiderable  thickness  of  the  hind  oml  of  the  iKxly. 
hclioiniiiiim  Bud.  Bdly  thin,  halr-Iike,  but  the  jiosterior  i-nd  of  the  body 
*  the  tcuiale  id  swollen.  Lateral  lipes  nnd  the  jirineipal  median  lines  are 
'"♦*!nt.  The  male  caudal  extremity  has  a  outrtneous  fold  and  a  simple  |)enis 
Vcalum)  nnd  alie.ith.  TV.  murin  Oejiliii..  in  the  large  intestine  of  the 
<*ti«e-niou»c,  TV.  rriuuicnuihi  Belliiigli.,  in  the  bladder  of  the  rat.  Aceopiing 
^  Leackart,  tlie  ilwarfed  male  lives  in  the  iit«,-nis  of  the  female.  There  arc 
*aMj  two  or  three,  more  rarely  four  or  tive  males  in  a  single  female.  There 
also  a  necond  spei;ie»  of  'lyielinnimum  found  in  the  bladder  of  llic  rat. 
V.  Selimiiltii  r.  Linst..  the  larger  male  of  which  was  formerly  taken  for  that  of 
r.  rramicomla. 

Trichina  Ove^n.'     Bfoly  thin,  hair- like.     Piiiioii«U  median  lines  and  lateral 
^fVjmporethe  ivTitiiigsof  K.  Leuekail,  Zenker.  R.  Virchow,  rageuslecher,  etc, 

23 


U 


".  Rffff  i  ^,  fenuUo ;  c,  miUo  with  the  ontcrttir  piin  of 
the  bixly  buried  in  the  mncoaa  membrane;  5p. 
Bpioulmu. 
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lines  are  present.    The  female  jrenerative  oiieniuR  well  fotwivrd.    The  ptMi 
eui<  of  the  body  of  tlie  male  hos  two  terminal  i-oiics  between  which  tbcdr" 


.590.  Trirkuf  -yt. ..;...  .1.  Mriliiii-  lemntc  Tncliinu  (tmiu  tlii'  mWii-'T 
gvulinl  opeiitiiit;  JIT,  eii)l>r.rtn4;  or,  >i\tiry.  t>.  Mule,  7",  tf*Hs.  -.  1,ii:Im 
wUicli  luu  niii^ntcU  iulu  11  munclt  ttbre,  ulreiid;  ouiuidti'abl.T  uuliiit!i 
ileTclopttl  Into  m  coOeil  iltwota  TneliiDa,  uul  rucyitoO. 
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r.roir<H.-«l.     TV.  ipiraVm  Owen,  in  the  alimentary  canal  of  Man  and  numerous, 
>  camiTOroos,  Mammalia  :  hardly  two  lines  in  lenj^th.    The  viviparous 

. u-^in  to  bring  forth  embryos  about  eight  days  aft<>r  their  migration 

into  the  alimentary  rnnal.    These  embryos  traverse  the   intestinal  walls  and 

body  cavity  of  the  host,  and  miirratc,  partly  by  their  own  movements  in  the 

Irondlt*  of  connective  tissue,  partly  with  the  aid  of  the  currents  of  bhxxi  into 

Ibe  itnped  mawluK  of  the  liody.    They  pierce  the  sarcolemma  and  iHsnctrato 

ioto  the  primitive  t)andles,  the  substance  of  which  <legeneratcs.  the  degeneration 

bcixu;  acrom)>anied  by  an  active 

»oIti|Ji(ation  of  the  nuclei.     In 

•     •}»«  of   fonrtecn    days   I  hey 

''<r«r«.-l"p,  within  a  sac-like  swelliii>f 

vf    -die  muscle  fibres,  into  spirally 

'**al«l  voima,  around  which  and 

•^•Jun  the  sarcolemma  and   its 

*''*«» acctive   tissue   investment    a 

"^s**'   citron-shaped     capsule    is 

''**^'»rt«d    from    the    ilegeneratetl 

~<'|<;    nbatancc.    The    younp 

—cle-Trichiiia  can  remain  liv- 

"'^      iatyitn  within  this  ca|i«ule, 

*^**-*<i  at  first  very  delicate,  gra- 

'^  ^  ll.T  becomes    thickened    and 

''*-'«-^  \ff  J  he  formation  of  other 

.-^  ^si»»nd  by  the  (rradual  deiuied- 

^^"•"•^  if  calcareoas  matter.     If  the 

f^^-^2r»l«d   animal    is   transferred 

^  ^-^:>  ihe  intestine  of  some  wami- 

^^^*«oil«l  animal  in  the  tiesh  of  its 

^""•^^linit.  it  is  inxiX  from  il«  cyst 

^'   "^-lic action  of  the  ^stric  juice. 

^^"  ^  llic  rudimentary  generative 

-"^lui,  wliirli  are  already  tolcr- 

>  (ar  Ji-vcloped,  ipiickly  attain 

"*-*^«jirity.     In  frotn  three  to  four 

'  "^y*  «ftcr  their  intrmliiction  the 

»a«l  Mimclc-Trichinas  become 

u»l  Trichinod.    These  copulate 

**••'  prodnre  a  l>roo<l  rif  embryos 

'*'"i(li  migrate  into  the  tissues  of 

***«  host  (one  female  may  produce  P'G-  •a7.—Fil«iu,  mM,i,eiu»  (after  B«»tlau  and 
•a  ojoy  ^  j()()()  tnibri-os)  (fig.  Loockart).  u.  Anterior  enil  seen  fnrni  the  oral  sar- 
•ij,    «,     .  .     ■         .  ,,         face;  O,  mnoth;  P,  pa|iilla. 

^«).   The  hou.*.  rat  IS  esi«;.ally     (,;„    ^^^^^    „„„    j,^„ 

^  t<  (ucutioued  a«  the   uatural     stronKly  ma^xiUleil. 
^   of     XiiK     TrirhiHO.        This 

•Hail)  doo»  not  hesitate  to  eat  the  carcase  of  its  own  species,  ami  so  the 
^hliia  infection  is  |iasse<l  on  from  generation  to  generation.  Carcasot  in- 
fcW  with  'Irichiiias  are  soiuetimcs  eaten  by  the  omnivorous  pig.  in  wboae 
Ui  tbc  encysted  Trifliinan  arc  introduced  into  the  intestine  of  man,  and 
on»«km  tbe  well-known  diseiw^  Trichinosis,  which  when  the  niigratiou  takes 
fi»ai  la  number,  often  has  a  falnl  n-sult. 
fam.  raatUda.     Body  filiform,  clongatc-d.  often  with  nix  oral  |>apill:e,  somc- 


It,  I'regnitnt  female 
lialf).    c,    Kinl)ryo8 
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times  with  a  homy  enl  c«(Hale.  with  four  praeanitl  piiire  of  |apillK.  Ui  whici 
an  unpaired  papilla  majr  be  adcled,  xritb  two  niicqnal  cpimla  or  with  timpk 
spicnlum. 

fVaria  O.  Fr.  Miill.  With  unall  moatli  and  narrow  cE«opha(ri>&  Tbi 
ftpvcies,  which  is  «onietinic<  ilestilnte  of  papitlir,  liir«H  Katndn  the  n«m 
usually  in  conncctiTe  tisane,  frequently  licm.-atb  Ihi-  (»kin  (diriderl  '-  '"  -■ 
into  nuinen>us  pcneini).  F.  {DmrHnctiJii')  ainlineiuit*  Gmel.  ^ 
worm,  in  the  suboutanoom  c-Ilular  tissue  of  Man  in  thi?  Ti»pic»  "i  i»':  "  ■ 
WorW.  reaches  »  Icnvth  of  two  feet  or  more.  The  head  i*  pn>Tide«i  with  l»" 
small  ami  twu  larjrcT  jApillic.  The  femnle  is  Tiviparous,  and  without  •«a»l 
0|>eoiiip.  The  male  form  is  unluiowrn.  The  worm  lives  in  .the  ronncrtin 
tissue  lietweun  the  muscles  and  lienvath  the  skin,  and  after  rearhinj;  *mal 
maturity,  occasions  the  foriimtion  of  au  abfecss,  with  the  content*  of  whi<i 
the  cmbrj-os  escape  to  the  e-ttcrior  (ft?.  2S7).  It  has  latclf  been  ]iniMl 
(Fe<lschenko)  that  the  embryos  of  Filarla  migrate  into  a  Cyclops  nnJ  ikcw 
undergo  aji  ec<lysis.  Whether  they  arc  then  (in  the  Ixxly  of  the  Cyclop*) 
introduced  into  lunn  in  his  drinking  water,  "r  whether  they  tiret  c«'apc  Md 
copulate  in  a  free  stale.  Is  not  known.  F.  immitu  live*  iu  the  right  veDtiJrW 
of  the  dog,  and  is  very  abontlant  in  Kast  Asia.  It  is  vJTip»rouk.  Tl» 
embryo?  |>ais  directly  into  the  blood,  where,  however,  they  do  not  underso  ibur 
funher  development.  ;>imilar  youre  Hiematozoa  are  also  found  in  the  hUa! 
of  man  in  the  Tropics  of  the  New  ami  Old  World*  [F.  tanguinin  4i<i»i«". 
F.  JtiiMfrofii).  .Since  these  auimaLs  are  also  found  in  the  uriiir.  Ujcir  ajireaf- 
•noe  seems  to  have  an  etiological  i-onueciion  with  hiematuria.  In  ihf  K*s 
Indiea,  young  Filoria  also  live  in  the  blood  of  the  stroet  dog,  and  would  »e«i 
to  be  related  to  the  brood  of  tUarin  taH'jviiinlcHta.  Any*:,  luvunlin)?  to  !<«>. 
knotty  swelliii;.'^  on  the  aorta  and  (Csop)w;^s  ore  invariably  found  with  tbe* 
Filariii.  F.  jMjjilliMi  Kud.  in  the  peritoneum  of  the  horse.  F.  hm  (Juyoi^iii 
the  coiijuntiva  of  negroes  on  the  Congo.  /'.  Inhxali*  I'ane.  Only  on«  iil«rr(i) 
at  Naples.  An  immature  Filaria  described  as  Filaria  InUisitt^i  hm»ii] 
has  been  found  in  the  human  cnp^ala  lentis. 

Fam.  Xermithidc  .\pructou«  Neiiu»ti>dca,  with  very  long  filiform  bc»ly.«»l 
six  oral  jjopiUiL-.  The  mole  cauilol  region  is  broad,  and  is  provided  witii  t«i> 
spicula  and  three  rows  of  uumetrjus  jiapilhe.  They  live  in  the  btidy  carity  •/ 
insects,  and  escape  into  the  (lam]i  earth,  where  they  attain  »xual  nunafl; 
and  copulate.  Hrrmh  nigretcrnt  l>uj.,  was  the  occasion  of  the  fahlr  U  't* 
rain  worm.  .V,  aUiiean*  v.  .Sieh.  v.  Siebold  established  by  f-xjierinjejit  * 
migration  of  the  embryos  into  tlie  caterpillars  of  Tinm  cnmj/mrlla.  Sfthartitr* 
hombi  Le})ii  Puf. 

Fam.  Oordiida.  Ik^y  elongatol  and  filiform.  WiUiout  oral  paiiillii!audUt<n) 
lines,  with  a  ventral  cord.  The  mouth  and  anterior  rejrioii  of  the  altBieaiiiJ 
canal  is  obliterated  in  the  adult  state.  The  testes  and  ovaries  are  paifnl  »»l 
open  to  the  exterior  with  the  anus  near  the  hind  end  of  the  Usly.  I'trr* 
nnjkiired,  with  rcccptaculum  seniinis.  The  male  caudal  region  is  foikd.io'* 
destitute  of  spicula.  In  the  young  stage  they  live  in  the  boily  cavity  of  |i}wW<»T 
insects,  and  are  provided  with  a  month.  At  the  ittiriiis;  lime  they  loMsintol*' 
water,  where  they  become  seiuolly  luatore.  The  embryos,  which  are  | 
with  a  circle  uf  spines,  bore  through  the  egg-membranes  and  mijff: 
Insect   lur^'ic   {ChiroHtimv»-lart<e,    Ephcmer'uttt),    and   there   encyst. 

•  Compare  H,  C,  Bastion,  "On  the  .Structure  nndKattmi  of  the  Dnvg 
Trans.  Li hh.  Siicieti/,  vol.  xxiv..  1K63.     Fedschenko  I.  e. 
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tetlsud  otber  aquatic  ]ire<latoiy  insects  eat  with  the  Besh  of  the  Ephemerid 
'•mr  ihc  encysted  young  forms,  which  then  develop  in  the  IxkIv  cavity  of 
liwrorw  bikI  larger  host  to  young  Gordiidtr.     Ooi-diuK  aipiaticu*  Ihij. 

J'uii.     Asfoillalid*.  *       Free   Uvine  Nemato<ies   of    smaU   size,      t'auihil 

fliinl"  tK  touuniincs  prc!<ent.     The  lateral  canals  are  often   replaced  by  the 

•visJJul  Teutral  gland*,    borne  species  cither  live  on  or  are  parasitic  in  plants  ; 

«)io»li»(!in  fermentijig  or  decayinp  matter.     The  greater  nnmlxT,  however, 

liTtfrw  in  earth  or  water.     Ty\i:Hchv»  Bast.     Buccal  cavity  small,  and  con- 

Itiniiifa  nnall  spine.     The  female  >renital  ojjcning  lies  far  back.     T.  tfiiiuifiu 

^^^trilici  Nccdham.  in  mildewed  wheat  grains.    When  the  grains  of  wheat 

*11  Ihf  dne<1  embryos  grow  in  the  damp  earth,  bore  through  the  softened 

•iaiiliniiio>,  and  make  their  way  on  to  the  tjrowing  wheat  plant.     Here  they 

itBum  dome  time,  perhaps  a  whole  wint<'r  without  alteration,  until  the  cars 

"•gin  t'l  lie  fonne<l.     They   then   pass   into   the   latter,   grow,  and   iMicome 

»llr  mat  arc,  while  the  ear  is  ripeninj^.     They  copulate  and  deposit  their 

ifrom  which  the  cn)liryos  creep  out.  and  at  leni,'th  constitute  the  sole  con- 

{>t  the  wheat  grains.     T.  dipmici  Kuhii.  in  heads  of  thistles  frardius) 

T.  Derainii  Bast,  on  rooLi  of  moss  and  (rrass.     Urterodrra  Sfhaehtii  Schmidt., 

*"0«  ul  the  beet-root,  also  of  the  cabbage,  of  wheat,  barley,  etc.     Bhabditit 

'^uj..  divi<le»l  by   Schneider  into   Li ptudi'ra    Diij.  and   Pelmlrra  Hchn.     Rh. 

1  ^^  H^ij  |)aj.,  head  very  sharply  pointed,  mouth  with  two  lips,  in  the  salivary 

jrtniKh  of  Lima^  einrrrut.     Hh.  antjiniitomn  Uuj.     Uli.  appeiidwulatn  Schn., 

'  -"ti  i|jn)|i  earth.  3  mm.  long.     The  larva,  which  is  without  a  mouth,  .ind  has  two 

*"'!«!   Innds,    i*    found    in    Arivn  i  mpirieorum.     Anguitlula  tifeti—  t/hitiiiit 

["-  f'r.  Miill..  known  iis  the  vinegar  worm  nnd  pnsteworm,  1  to  2  mm.  long. 

W  the  many  marine   Angiiiltvlida  (_Kni'jiliila!),  we    mu.st  mention    Dory- 

mafimtu  BiitAchli,  D.    ttuymilU  Uuj.,  found    in   mud  everywhere  in 

Enehelidivm  mnrinvm  Ehrlig.,  Ennpli"  tridentatwi  Duj. 

^10  abberant  families  Urnnmcidreidtr  and    ChatotitmidiK  arc  allied  to  the 

'"""Mnrfa. 


The  Ch.stoonatha. 

Tlie  ChtHognallui,  \  coutauuii>r  only  the  geiiiiN  Sagitta,  lire  tillied 
the  Neinatoies.     Thej'  are  elongated  round  worm.-*,  witli   ii  in?fU- 

■tly  armed  mouth  and  latei-aily  placed  horizontiil  fin.H,  the  meiu- 
«Jioiw;   edges  of    which    are    sn]ipnpteil    by    ray.s.       The    miterior 

>i1i«n  of  the  IkxIv  h-  shm-jily  .sepuruti-d  ofl"  as  a  head,  and  btain»  in 

Davaiue,  ••  Uechcrchcs  sur  I'Auguillule  <lu  bl^  nielle,"  Paris,  1657.     Kiihn. 
'  I-  S'nrkomnien  von  Anguillulen  in  erkrankten  Bliithonkiipfon   von 
iliiiiiiMi,"  Xi  iltrhr.fiir  iiim  Xmil..  Tom  IX..  I8.">9.     Hnstian.  "  Mono- 
_..    hij  Ant'uilUilidse  or  free  Nematoids.  ninrine.  land,  nnd  frcsli  water.'' 
,  1864.     O.  Hiltachli,  "  Beitriige  «ur  Kentni.s.t  dcr  freiletx;n<ieu  Nema- 
yar.   Artti,   Tom  XXXVI.,   1873.      La<l.    Ocrley.  "  Motiograpbie  der 
Julidcn."  Buda-l'est.,  18.«<0. 
t  Ccrmnare  A.  Krohn.  "  Anatomisch-physiologische  Beoliachtuugcn  Uber  die 
jl.i  .a.'   Hanilmrn,  1844.     U.  Wilms.  "  Ue  S.igitta  marc  gerraani- 

I  111   Hfiipiliind  incolcnte,"  Bcmlini,  l»4tJ.     Kowalevski,  ••  Em- 

I"  '1    an    Wiinnem    mid  Arthropoden."      Jlem.    de  I'Arad. 
•    XVI.    O.  Uertwig,   "  Die   Chaetognatha,  eine  Mono- 
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the  region  of  the  mmith  two  lateral  groupK  of  ko<iks  whioh  funcdaa 
an  jaws. 

The  nervous  system  coiudsto,  HccaHiof 
to  Krohii,  of  a  cerebral  gauglion  no 
wliich  the  eyes  iii-e  situated,  iiml  a  »»i>- 
tral  ^lugliou  place^l  in  ubont  the  miiidlt 
of  tlie  Ixxly  length.  There  nre  in  iiilJitino 
two  gHiigliH  near  the  mouth,  wliich  nwT 
be  contddered  ns  the  8uboet<opLa^;t«l  f.'ao- 
glia,  and  nre  connected  with  «ioli  other 
and  with  the  cephalic  gunglion  by  tc-o 
phu^il  commi^uree. 

[The  common  view  now  is  lh«l  the  \uff: 
Tcntml  giuij;lion  of  the  middle  of  the  \x^ 
which  is  cfiniiectcJ  with  the  cerebnd  by  tM»- 
missureN,  is  homoln^ug  with  the  robOBsCfibtgal 
giuiglia  of  other  typei!.] 

The  Ntniight  alimentary  canal  l^  ui 
tHched  to  the  ImxIv  wall  by  «  dorsal  lUiJ 
ventral  mesentery  from  the  c»<opiingn» 
Imckwiirds,  »nd  opens  to  the  e-vteriot  .U 
the  Im-Np  of  the  long  tail,  which  tenuituta 
ii)  iL  horizontal  tin  (tig.  288). 

[Tlie  body  cavity  i*  well  devdirped,  «t«J 
(liviciwl  by  the  ilcirwil  and  Yeiitml  mc»rtitcrii»  mto 
twn  jiiirts,  and  u^iu  by  t«o  Irausvcnic  terti- 
cal  8e)itA  into  n  eephnlic  ^eotitni,  n  tiectiou  la 
the  body,  and  tinullT  a  cnuiisl  sevtiiitL  Vt»- 
cuUir  .inil  exfrettiiy  organ*  nri-  abwml.] 

Beprodnetion.      The  fVnrt<fgniti>ia  an 

herniiijihiiMlite,  Hiid  possess  {uiii«<l  ovarii*, 
which  i>[x'n  by  two  apertures  i»t  the  Ixi-'* 
of  the  toil  imd  aiv  connected  wiili 
xeminal  pouches.  The  testes  iilio  «it 
IMiired,  nud  .■utuated  posteriorly  to  th' 
oviiries  in  the  tiiil;  their  products  pa.*  t" 
the  exterior  by  openings  at  the  .siilrt  o' 
the  tail.  Segineiitntion  in  complete,  <lii>I 
len4l.s  t'O  tlie  formation  of  it  blustospbere. 
One  side  of  this  heci'imes  invagiuRted  • 
that  the  segiiient^tioij  cuNity  is  oblitenit«l 
and  a  gitstitila  in  formed,  in  the  wito«l*nD 


rio.  ifm.— Unfit  la  lSpa^r(l,i) 
cr/jitiitoptfrti,  iimifnined  90 
tunes,  viewed  from  Iho  ilornBl 
Mile  (»ft«T  O.  Hf-nwiir).  P, 
ipucterior  fln  -,  G^  tiiipra- 
'craopbmf^eiil  gunKlion ;  Te,  lim. 
tacles;  a,  olfmctory  tinmns; 
Oo,  ovary;  M,  oviiloci;  T. 
tmtii ;  •'</,  vu  defemii ;  £'>, 
vnioulu  Mminal)*. 


A 


■I 


of  irhieh  tvn 
oells.    As 

m.  snedkBuUrvolitcnl 
OB^lin  liiifini  tfae 

l^tml |Mifli  tf  tfe 

csnvi^  gives  liae  tQ  dto  «d  aC  tW 
Th«  ftmanpHt  oMotk 
^hkk  the  blMbapare, 
l^rre  is  b«t  €Be 


**>«>*»,•  imMo«< 

The   .ocakr.    often    tn-m^iy   wridkM 

*  proboMU,  whidi   is  fuiuMixj  vritli 

'^»«ct«d  into  A  tube  piyjccting  into  tke  kidy 

*^«^ty  (^}|e•th  of  the  pmbaam)  <fig;  389.  «  ud 

^')-     The  fiost«4or  end    of  this  nhf  th  ts  fu- 

**Oed  to  the  hoiiy  wall  W  a  t^MD«nt,  ftnd  by 

'^nictor  maades.    The  nervous  lystem  (i^.  3^. 

n^'  '8  pinced  lit  the  hm^  of   the  piobcweig,  sad 

^  ^**'*»t(t(«  of  K  simple   ganglion  fonned  uC   larg« 

^^*«».     Nerves  are  given  off  from  the  gangtion 

^**'**»iorl.v   to   the   proboBcis,   an<l    thiouffh   the 

'^**«»1  retractors  (reUnamla)  to  the  tmdy  wall 

^SS-    289,    R).      The   latter   supply    pirtly  the 

**^'«CMl»r  sy>!tein    of   the   body,  and  partly  the 

8**»ital   apparatus,  in   which  there   an?,    princi- 

W'Uy  in  the  male  animal,  special  nei-ve  centres 

''*»>«Lstinjj  of  gi\tiglionic   enlargements. 

Sense  organs  are  entirely  wanting,  att  al.so  are 
"Knilli,  alimentary  canal,  anil  anus. 

The  nutritive  juices  are  taken  in  through  the 
•We  outer  sui-face  of  the  body.     In  the  soft  granular  subcuticular 

'  Bwiil^  DajaHin,  Die-nng.  I.  c,  coni|iarc  :  R.  Leuckart,  "  Par»»itcn  de« 
lloi«^>i»n,"  T-m  Tt..  IRTfi.  Greeff,  "  Untcreuchtmgen  iiber  Echinnrhym-hun 
mil- 1  »        ,v,r«r*.  18fi4.    A   Schneifler.  ••  UcIkM'  il.-ri   Hnii  ilcr 

.««.!  .    Arrhir..    l«fiR.     Alsri    the    SitzHMi/»h,richti-   drr 

OUrfifu^"  n,  'I  u<  utr^rimrf  fUr  \atiir-  unfl  /feilkHiifir,  1871. 


n*. tn  Antntn  pan. 
or  «i»  Xt»im»rtfM»mi. 
R,  ProtMacis ;  Jb, 
•hMth  of  probnaeto; 
<?,  ifmnfflion  ,  L*^  Ivin. 
nlBCt ;  St  r^lnacitlM. 
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layei-  of  Uie  integument  lies  a  complioited  cn.-«t«tn  of  caimls,  fiOtdfiit 
11  Hear  fluid  coiituiniiig  giiiiuile**.  Beneath  the  interniil  hiw  of  tl# 
iiitC'pumeiit,  which  luyej'  is  often  very  ext«»nsive  and  of  ii  veili" 
colour,  id  placed  the  powerful  uiusculor  tttnic ;  it  is  oouipoMxi  '^ 
exteraul  tnuisveiise  imd  internal  lon^ntndinul  fibres,  Mul  hoimcU  tk» 
JxkIv  ninty.     The  compliatted  niuiitied  system  of  dennal  cmuK 

which  two  principal  longitu- 
dinal tninks  miiy  l>e  recog- 
nised,    is     filled    with    juiciw, 

and   pi-oliuhly  functions   us  n 

u  II  t  r  i  t  i  V  e   appiiratiLs.       The 

l>ortion  of  thLs  system  which 

extend-;  into  two  liodies  (the 

{emnitci,  fig.  289,  Le)  project- 
ing   Itehiiid    the    proboscis 

through    the    uiusouliir   tunic 

into  the  body  ciivity,  proUihly 

acts  as  an  excretory  organ, 

since  the  content.--  of  the  fi-e- 

quently    nnastomisiiig    otntila 

of    these   lemnlsci   is  usually 

of  a  hrow7i  colour,  and  consists 

of    a    cetlulur    uih«.  i-ieh    in 

c«nci-etions.      Acoonling      to 

Schneider,  the  vessels  of  the 

leuinisci  open  into  a  circuhir 

vessel  in  the  integument,  and 

only   comtuunicate    with    the 

network    of    canals     in     the 

cephalic     region,    while     the 

other  dermal  vessels  (nutritive 


rio.  2«0.-Miilo  of  Ktki-  . 

xorifHim,    ,m.v«rfo/«.  "ppaiiitus),    the    oontents    of 

(mixer   R.    LencWart).  „.(,ipli  Jiflbi-s  fi-oni  that  of   the 

S,     proboscis ;      Jt; 

•iieaih  of  the  probot-  vesselsof  the  leniiiisci,  are  couj- 

d.,    Li     ligmmenti  pietely  shut  oflT  from  the  latter. 

n,  ganglion  j  Lr,  Icm-  '  •' 

nUci:  T,  tenea;  Id,      Oenenitive   organs.      The 

tm»i«Ua    .acBi     IV.  ''°'b     "'^".^      through     which 

|duccna  el«cuiiu</riu« ;  fluids    circulate    encloses    the 
]>,  pmla ;  A,  ntnutic<t  ^i        i        i         ^ 

y„a»ti.  greatly    developed    geneiiiti\e 

organs,     which    arc    nttAched 

to  the  end  of  the  sheath  of  the  pwboecis  by  a  ligament  (fig^  i^ 


Fir.  ffll 
diiciR      :    . 

(afler  A.  Au.lwl  A 
lil^raesii;  K  t^" 
■tutped  flocrnlii  P,  r, 
•ppenilaim    if    >" 

Aiune;    t\   uUfWM    ^<' 

Tutnna ,     S,    ^ 

pOUC)>»   of   O*  fc*! 

»■(,  (loTMlctniaillM 
\mm:  of  tlie  M.  O- 
lateral  r«ik 
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Fig.  202.— Emiiryo  of  Edtin- 

Ibe  eKP  membranes  (after 

Leucknrt). 


Li).     The  .sexes  are  sejxiiutf.     Tlif  mule  (fi-r.  'I'M)  hai>  two 

{T),  and  the  wane  nmnl>er  of  eliereiit  ihu't.^^  (  Vi/).     Tiie  bitter 

)ehind  to  form  a  ductus  ejnculatorius  (JJe),  which  Ls  often  fur 

with  six  or  eijrht  f»l«ii(hilur  wios  (J'r),  and  a  coniml  peuis  (P), 
lx>tt4)Ui  of  a  l«:-ll-t>h;ipcd  pioti-usible  I)ur8ii  (/i),  situatetl  at  the 

ior  pole  of  the  l>ody  (fig.  290).     The  {(enenitive  organs  of  the 

feoijiles  (tij?.  291)  consist  of  the  ovaiy 

ped  in  the  lijy^unient ;  of  a  cuiuplicriiled 

B  Iwll,  Itegiuniiij;  with  n  fi-ee  npeiiiuj.' 

le  hody  cavity  ;  of  the  oviduct  and  the 

vn^H,  which   is  divided  mto  several 

lU  an»l  ojx?nR  at  the    jjostevior  end  of 

dy  (fig.  2'Jl ).     It  is  only  in  the  young 

that  the    ovnry  is  a  simple   bo<1y  en- 

by  the  membrane  of  the  altove-men- 

ligHiuent.     A.S  the  animal  increases  in 

M  ovaiy  grows,  and   becomes  divided 

Hapous  spherical  masses  of  eggs,  the 

Hi  which  bursts  the  meniimme  of  the  ligiuneut ;  the  masses 

as  well  as  the  ripe  elliptical  eggs,  which  gi-adually  iK'couie  fi-ee 
fall  into  the  body  carity.     The  egg  menibntnes  are  not 

formetl  till 
J  *"  i*\  ''a  after     seg- 

mentation, 
and  ought 
perhapstolie 
interpreted 
as  embryo- 
nic mem- 
bnmes.  The 
eggs,  which 
already  con- 
tain e  m  - 
bryas,  pass 
out  of  the 
body  cavity 
into  the 
uterine  liell, 

L_    ..  .  .  ..  ,    ,       .    ,  w  li  i  c  h      i  s 

l^^ff,  A  ynanff  nuue  wonn ;  r,  testes ;  Lf,  lemnwol 

^K  conliuunlly 

^Bd  coutractuig,  thence  into  the  oviduct,  and  through  the 

opening  to  the  exterior. 


—  tMTVtp  of  BekiHorhyntJun  pntlnt  from  Otimmnrnt  (after 
ft).  >,  Fn»  embryo ;  Kt,  eiiibr><iiiic  nucleus,  h.  Older  stage, 
^re  dlfferentiatoil  embryniiic  uucleu^.  c,  Yuuiiff  fcRuUewonn  ; 
I  A  ymmg  male  wonn ;  T,  testes ;  Lf,  lemnUol 


k 
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Development.    Segmentation  in  irregular  and  complete,  luicl  teulti 
in  the  forumtion  of  an  enibi-vo,  which  Ls  enclosed  in   three  egj; 
bnineji.     The  embryo  ha*  ii  snuill,  somewhat  long  boily,  lirni' 
Mnall  sjiines  at  the  anterior  pole,  and  contaiuiug  u  oentral  gi 
mass  (embryonic nucleus)  (fig.  292).   It  pisse.s  into  the  intt--?" 
[ilii(H.«ls  (AV/i.  proleug,  jioli/morpliiU),  or  of  Isopotls  (Kch.  ■'■ 
anil  there  Ixitnues  fi-in?,  l>ore.<«  through  the  wall  cif  the  intestine,  »nil 
lifter  losing  thf  embryonic  spines,  develops  to  a  small  elonguted  Um. 
which,  like  a  pu)wi,  lies  in  the  IkxIv  cuvity  of  the  sninll  CnistiusM 
with    it-s  pi-ol)oscis    I'etnicted  and    suri-ounded  by   its    firm  eitrrnil 
skin  as  by  a  cyst  (tig.  293),     The  skin  of  the  lar\'a  gives  rise  onK 
to  the  integument,  the  ve«.seU<  and  the  lemnisci  of  the  adnll ;  wfailt 
all  the  other  organs  enclosed  within  the  dermal  muscular  env' 
vit.,  the  nervous  s^'stem,  the  sheath  of  the  proboscis,  luid  the  ^  ' 
rative  organs,  are  developed  from  the  ao-called  embryonic  nud«(». 
It  is  only  after  their  inti-oduotion  into  the  intestine  of  fishes  [Ed. 
proteua)  or  of  aquatic  bii-ils  (Ecfi^  }iolytnttrphiui),  which  feed  on  the* 
Cnutnem,  that  the  larvw  attain  to  sexual  imitiirity,  copulate,  and 
i-each  their  full  size. 

The  iianierous  sjiecioA  nf  I  he  i^nuH  ErlaHJirkij nrvji  O.  K.   MUUcr  Wit  I'fis- 
cipnlly  ill  the  nlimciitiiry  CAnnl  of  different  Veilelin»U»  ;  Ihegnt  wall  n  > 
OS  it  were  sown  with  these  animals.     i!ch.  polijiiwrphui  Itreiiis..  in  theim  ■■' : 
of  the  duck  and  other  liii^,  alio  in  the  cmylisli,     Hch.  protein   Wrttranh- 
f!rlt.  aiu/iiJitntMii  RmL,  in  fresli-wator  fish.     £!rh,  giyiu  Goeie,  M  '-•■'• 
Atciirin    Imiihriptiiile*,  in    the    small    intratine    iif    the    pij{,     A 
A.    Schneider,    the    embrj-o    completer    its    devclo|iiiient     in    tU'-   .-...^ 
Lamb)  fouiul  a  Minall  Hcxually  immature  Kcbinorb.vncbus  in  the  small  latein 
of  a  child  which  dieil  of  Icakcemia. 


CLASS    m.— ANNKI.IDA. 

Seijiiiented  Vervwi  with  brtiin,  cii-cam-uJtop/ni</eiU  ritu/,  rmtml  "■'" 
eord,  utui  vasctilaf  ai/ttem. 

The  lar\-»  of  Lov^n  and  its  development  seema  to  throw  ligbi 
upon  the  nrgaiii/Jition  of  the  Annclula  and  their  relations  tc  lb* 
lower  worms  and  to  the  lioli/cra;  and  further  nutketi  eviileut  tk'' 
relationship  of  the  Aimelula  to  tlie  Gephtjrea,  a  group  of  •rorm* 
which  possess  an  elongated  Ixxly  devoid  alike  of  extrnuJ  "i'' 
internal  Hegmeutiition,  and,  tui  an  equivalent  of  the  ganglionic  dnu"' 
a.  ventral  nerve  trunk,  wliich  is  iisiiully  uniformly  covertd  «'•'' 
ganglion  cells. 

The  l)0<ly  of  Lovin's  krva,  from  which  we  must  derive  th*  ^} 
of  Annelids,  is  uusegmeuted,  and  repi-esents  mainly  ihe  Annelid  W 
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B  contmnecl  into  an  iudiilerent  teiinuial  portion  equivalent 
le  hofly  of  tlic  adult. 

spioHl  region  of  the  larva  (fig.  294,  Sp)  there  is  a 
of  the  ectodenn,  which  is  calleil  the  iipioil  pint*.  This 
the  nidiment  of  the  ceifbi-al  gimglion  (iipicjil  gunglion), 
otf  nei-ves  to  either  side.     The  wide  mouth  (0)  has  a 


irelaproent  nf  PolfgorJiiu  («fter  B.  Huubek).    .1,  Youni?  lann  ;  «/■,  apical 

iivment  spot  j  Pnr,  prie-onU  circle  of  cilia  1  O,  momb ;  I*tm;  |)Oi*lMiral  circle 

uiuH :  31m,  moisodenu  ;  f  .V,  bead  kidney.    A,  Older  larm  witli  cummeucInK 

'   '     '  "<d}-.  atvcond  limli  is  ilevelopixl  in  tbetaeiulkidnvy.    r,  Older  atage. 

10  tbu  form  of  a  wnrrD,  itiiil  <livid<Ml  into  a  ntunltor  of  meUunerea ; 

1-  of  cilia  J  Af,  eye  upot ;  F,  leutacle. 

tdtion,  and  leiitls  into  iin  alimentary  canal,  whicli  oijeu.s 
tenor  end  of  the  body  (A ).  In  front  of  the  mouth  there 
(ly  developed  cii-cle  (prseonil)  of  cilia  {Prw) ;  and  behind 
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Ik»  Booth  »  wnker  (postond)  circle  (Pitte) ;  to  tke  right  tai  I 
tks*  is  an   exeretont'  cauul    (litxn]    kiduey),  wliich  lie^on ' 
e9i*tod  fannet.     By  the  (litlerentuitioii  of  the  cephaiic  n^d 
hkrrm  into  pnestoiuial   lol>e  and  ami  segment,  nnd  by  the  , 
gmmih   in   l«ti^h    of    the    posterior    |mrt    of    the    body  ami  i 
.•^TUPiiUitioii  of    the    latter  iato  a  nu 
of    tiucces»ive  metameroK,  the  originallj  ■ 
«egiiiented     lai-vu    in    transfornieii   inUi 
Aiuielid  (tig.  294.  «—</).    There  i^  tlip 
lietween  the  segmented  miult  and  thel 
n  nioqihological  relation  siniiliir  to  tlul  I 
tween  the  cestoid  and  the  simple  koIbx,  fi«  I 
the  posterior  end  of  which  the  proffli*''^ 
Are  developeii. 

The  body  of  the  Annelida  is  tomMiifi  ' 
flattened,  .•ouietiines  completely  roarul.-!  •< ' 
cj-liiidricul.     It   i.->  coui]x>!jed  of  u  niiii   ■; 
successive  >egiuents,  wliich  are  usiiallv'  wf- 
\-ttXxA  fi-om  each  other  cxtej-nally  l>y  ti« 
verse    constrictions.       Tlie    scgnientatiou  i 
g<eneraUy  homonomous,  iii  that  tliv  nepM 
following  the  hesul  i-esenible  each  othw  I 
only   iu    ext<?rniil    ap{)ear.iuoe,    but  «lfo  *j 
internal  structure,  i.e.,  they   repeat   sin 
si<ctions  of  the  internal  organizatinn. 
teruiiiial    iiegiiient  with    the  auux,  hinxf 
has    a    special    structure    iniismucb    •> 
retains  the  primiti\-e,  more  indifler«ot  diX' 
MJtar  of  the  jiosterior  end   of   the  lob " 
the  larva,   and    diuing  the   devejopniflil '" 
the    worm   gi'»"es    origin    to   new   tipufi^^ 
anterior  to  itself.     The   homoaomy  «( 
I>r«<cetling   segments  of    the  body   is  '»'' 
e\er,   never  complete,    since   certain 
are    confined     to    definite    segmcnlK 
internal    segments,  which  are  wpiunliJ  ' 
tixmeyimtntt,     either    corrtepond    vitli 
external    segmentutiou    as   nuirked   ^ ' 
annulni'    ronstrirtiojjs    of    the     intfl 
(ChaUtpoda),   or   each    internal   segment    con-esponds  to  a 
Diunber  (3,  4,  6,  etc.)  of  tl>-  ring*.  (I/irudintti). 


FM.  SK  A— ni  )<oaac 
n»jw^Ua»;  O,  nrtbcal 
■nweaB:  If/,  oOtMad 
pit  1  D,  alnnauUij  caaai 
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Organs  of  locomotion.     Specwl  orpins  of  locomotion  may  either 

he  form  <if  lirihtle-lienring  iinjointe<l  appeiidiiges  (piinipotlia) 

ring   of   the    body    (Chnfojxxla),    or    of    terminal    suckers 

itmin).     In  the  first  cH.se  each  segment  may  {xMse&s  a  cloraal 

vtsntml  ]>air   of   appendages   (the  neiiropodia   and   notopodin), 

til,  however,  aj-e   sometimes  replace«l  liy  simple  setw  enil.)eilde<l 

in  ilmnal  pit.>. 

Alimentary  canal.    Tlie  mouth  is  jihiced  on  tiie  ventnU  surface 

|tliH«iiteriiir  I'lid  of  the  Inxly,  and  leads  into  a  nmsculiir  phaiynx, 

icli  is  often    provided    with    a    powerful    aniiature   and    can  Ih3 

(rntied  like  a  prohostus.     This  in  followed  by  the  jua-stric  region 

I  llw  gut,  which  occupies  the  greatest  portion  of  the  length  of  the 

Jv.  iuid  is  either  regularly  constricted   in  correspondence  with  the 

iiOTits  or  posseitses  lateral  ilivertifula  ;  it  Ls  only  coiled  in  escep- 

nwl  caseK,      The  anns  \»  usually 

at  the    hinder   end   of    the 

<Ar. 

Thr  nervous  system  consiats   of 

mvlinil     or    supm  -  oesophageal 

uiglioii.  which  \k  deiiveil  from  the 

I  plate  of   the   larval  prw-onil 

*,  of  an  eesopliageal  ring,  and  of 

I  Ventral  port!  or  ganglionic  chain, 

'  two  halves   of    which  lie   moi-e 

■  loR  npproached  to  each  other  m 

'  sutdian  line.     The  ventral  cord 

ifnim  two  latei-al  nerve  cords, 

probably   correspond  to   the 

1»'«»1   nerve   trunks  of    the  Ne- 

■ueitineB.      Tlie.se   two  conls   are   continu<ius  with    the  o-soplmgeal 

WUBJwureB,    and,    like    the    latter,    are    uniformly    <f)vere(l     with 

|pi>Klioiiic  cells.      Thia  form  of  the  nervous  system    may   pei-sist, 

may  aim  its  ectodermal  portion  (Archiannelida,  Frotodrilns) 

Wlig.  295).     In   most  Anivdida,   however,   this  is  only  a  transitory 

■lition;  for  at  a  later  stage  the  lateral  cords  l>ecome  .se]Hi.mted 

the  ectdlerm,  come  together  in  the  median  line,  ainl  uctjuiio 

'  Hinuentation  corresj>onding  to  the  metiimeres  of  the  lioily.     The 

of  the  senae  organs  arise  from   the    cerebral  ganglion  ;  the 

nerves  pass    out  from   the   piirts  of   the  ventral  cord  or.  as 

may  lie,  iroxn  the  ganglia  of  the  ventnil  chain  and  from 

adinal    commissures   betw^een    the   latter.      There   Ls  in 


s  a 


Fio.  2l>fi. — Tnuutrorec  section  thronflrb 
the  bfMly  of  Prvtodriluw  (after  B.  Hat- 
Hchek).  S  5,  The  two  Uteml  trunkn  of 
the  ncrvntis  syetom;  fw,  traatrlinnic 
Inyer  of  the  ruune:  D,  nhmetiUay 
c&uhI  ;  JV,  uophridiuiu ;  Jf,  iuukIh  ; 
Or,  ovft. 
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almost  all  cnseti  a  ^nsceml  nei-vouN  system  {»i/inftittAttit\.  ?b 
following  senit  organH  vixo  fouml  :  paired  eye  »jxiU  with  rrfratw 
Kti'iictui-es,  or  birger  more  complicated  eyes;  hI»o  auditory  midb 
iijton  the  ii5.so])ha^eal  lirip  (lininchisite  worms),  iind  ttietitr  (>ry«a» 
The  lutter  hiive,  in  the  C/uttvpuihi,  the  form  of  teot)kcle!<  ami  t«'iit»rul«r 
di-ri  on  the  head  aud  of  ciiri  ou  the  parapodia.  When  t«nU(t» 
and  cirri  are  iiliHent,  tlie  unterior  end  of  the  Ijody  and  the  Rgion  U 
tin-  iiiuutli  seem  to  function  lus  tactile  orgaiisi. 

Vascular  system.  A  blood  vascular  (ystem  l>  very  comacok 
present ;  in  many  cases,  however,  it  seems  not  to  lie  complrtd,' 
clused,  but  to  communicate  with  the  liody  cavity,  which  cootauit 
blnod.  Two  main  vuscidar  trunks,  a  dorsal  and  a  ventml,  canncctcl 
with  one  another  by  numei'ous  transverse  annstomoees  are  gcoenOr 
present.  The  blood  is  usually  coloured  (green  or  red),  and  it^  w- 
culation  is  eftecteil  by  the  oontnujtility  of  the  walls  of  certain  tmA 
sometimes  the  doi-sal  ve.ssel,  sometimt<s  the  ventral,  uud  ^ooiotiiM 
thu  tninsTerse  connecting  vessels  ai-e  oontmctile.  Lateral  lunp- 
tudiniil  veiisels  ui-e  often  pi'«sent  in  addition  to  the  iibove.  In  tb* 
Hii'iidinea  these,  as  well  as  the  median  contractile  bloud  sinus  •» 
jirobably  to  he  regaixled  as  isolated  parts  of  the  body  cavity. 

Sixx-ial  respiratory  organs  are  found  amongst  the  Chttiofvdn  m, 
the  lininchiate  worm.s. 

The  excretory  organs,  corresponding  to  the  water- vascuUr  " 
excretory  system  of  tlu'  Platyhelminthes,  have  the  form  of  (wW 
canals  (segmental  orgims  or  nephridia),  which  are  repeat«<l  in  f*"* 
in  each  segment.  E^ich  nephridium  usually  begins  with  a  a\aMi 
funnel-shaped  opening  int<i  the  liody  cavity,  and  o[jens  to  theOtaW" 
by  a  lateral  pore  (fig.  7(1).  These  may  assume  in  certain  tftgBO^ 
the  function  of  genemtive  ducts,  e.g.,  tho  nephridia  of  the  OrjAff"- 
which,  however,  ai-e  much  reduoeil  in  numlK»r.  In  the  eepholf 
segment  or  hcsid  thei-e  is  also  a  >*cgmentid  organ  (heail  lailo*."' 
which  in  tliH  liirva  functions  aa  a  kidney  and  Liter  disappears^ 

Beprodnction.  -t'ons-idering  tlie  indt«j>endence  of  the  si^iifBt*  i" 
wliii'li  we  ascribe  the  value  of  a  suK)rdinate  ( morpholopail I  u"" 
viduality,  the  oocuirence  of  asextial  repro<iuction  by  fisauD  ""' 
gemmation  in  the  long  axis  (Cfurtojtodii)  is  not  sui-prisuig.  Ni«"' 
rous  Annelida  (Oliyochirta,  //iri)din-ea)  are  heruu«phit»dit« :  "" 
maiine  C'/uitvjMxin,  on  the  contrary,  are  for  the  mort  part  of  «■!"' 
sexes.  Many  lay  their  eggs  in  s|jecial  sacs  and  oocoous,  in  «'' 
case  development  is  direct,  without  met^imorphosL".  The  vuf" 
worms,    on    the    contrary,   undergo    a    more    or    less    coaipto'* 
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The  Aviidida  comprise  ten-estrial  and  oqimtic 
1  and  they  eiit,  foi-  the  most  pai-t,  animal  food.  Many  of 
linidinm)  are  ocaisionally  pui-awitic. 

le  group  of  the  Annelida  thi-ee  principn!  divisions  may  be 
isbed. — the  Chatopodu,  the  unsej^'Uiented 
D,  and  the  Himdin^a  which  are  adapted 
ksitism.  The  Jlirudinen  are  not  in  any 
ko  be  i-egarded  as  Annelida  of  a  lower 
'  organization,  but  they  iiither  jji-esent, 

ill  the  case  of  some  organs,  as  alimeu- 
pal,  circulatory  and  generative  organs, 

compUciteil  structure,  and  agree  meet 
B"ith  the  Uligtx;ha.*tA,  from  which  they 
derived. 

f; 
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living   Anndida,    with  paired   tufts  of 
the  sajvients,  frequenthi    imth    ditiiiict 

po  unlh  tentudet,  cirri,  and  briinc/ii(e. 

Dhfftopoda  are  divided   extei-nally   into 

B,  whicli  correspond  with  the  nietameres 

titemnl  organ*,  and  are,  with  the  excep- 

he  anterior  i-ej^on,  which  is  distingiUHhed 

l«id,  usually  tolerably  alike  (tig.  29(5). 

ie  nre  vejy  frwjuently  present  on  tlie  segnient.s ;  their  prlu- 

cijwl  function  is  that  of 
locomotion,  but  their  va- 
lioas  appendages,  the 
hrtinchite  and  cirri,  also 
discharge  tactile  and  respi- 
ratory functions  (tig.  297). 

•  Besides  the  (lUter  works 
of  Sovifrny.  Audouiii  et  Milne 
Edwards,  and  Quutrefnjres. 
compare  E.  Grnbp,  "  Die  Fmni- 
lien  dcT  Annelidcn,"  Arrhit 
fiir  Kiilvryftch.  ISfiO  and  IS.^.l. 
K.  Claparude,  ••  Hi-rhc;r<-lir9 
niiatomiqnc  8ur  les  AniK^lidi-s, 
etc.,"  (Scneve,  IHC.l.  E.  Cln- 
imridc,  "  Les  Ann(;-lide»  clii'to- 
pode."  du  golfe  de  Naplr*." 
Oenive  ct  Bftle.  186K.  also  Sup- 
870,  aud  "  Recherches  sur  la  stmuture  ilcs  Anm-lides  sedfiitiiiros," 
Fr.  I^ydig.  I.  c,  jiW<  ••  Tofclii  nur  vcrgl.  Anatumie,"  1864. 


FlO.   206.— Or«fc«   futi. 
ftrtt     (after    Qn»tre- 
fsges).    Ph.  pharynx 
A  slinieDUiry  canni ; 
V,  cirri;  >',  Mntarlos. 

Parajxidia  i>ro\-ided 


rDomal  (D/')  und  rcntnil  (I'/")  PBru- 
^RrlUi  baiiille«  nf  »otiD  of  Ntrrit  (after 
(mX  Ar,  Adruliun ;  Sr.  dorsal  cirni* : 
Mkl  efarru*. 
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Tlif  form  of  the  movivhle  sette  varies  extremely,  and  Hfibrds  i 

clmTHcter  for  the  cla.*dficiilion  of  fuiuilie^  (\ii<\  geiiera. 

to  the  strenjftli,  form,  uihI  mo<le  of  eiiilin>c  (tig.  298),  the  foil* 


aahltm  tr—icfi  iiu  :  '.,  ./  TrrrUlla  D,ii,ift—riii  :  <•,  wtu  MrlUl    pirul  rtrtgc  from  I*!*""*"- 
■<,  buis*->bn|icd  MM*  of  thfUcclutltipUm ;  t,  of  Snbilla  rnutwniK  :  f.ni  v,;»/i.  un",  ^ 
g,  CkunpodUi  «lckl«-«liaiicd  mm  of  Iftrtit  e*Ur\fmL 

forms  can  be  distiiigiiLshed  :  liair-setw,  hooked-ttet«e,  tliit-aetA)  (/Mi**)* 
hince-ttetie,  sickle-sU»p«?d  seta',  etc,    Wlien  the  prinipodin  awl  i 

appendages  nxv  «"»• 
pletely  wnnting,  ^ 
set»  ore  embtnUwl  ^ 
pits  in  tlic  inteciimm'' 
ami  are  arrftii({i>i  •'i'''" 
ill  one  or  two  ni«»  <" 
either  edde,  tlwi  B.'n' 
lateral  ventral  nw  "» 
either  side,  or  in  » >^ 
trnl  row  »nd  a  il"** 
row  nil  either  sJ".  '" 
such  raises  the  imnil" 
of  setjc  is  saail  (0^ 
eJivtn).  The  rfUi  * 
on  the  conu-HTj',  '■  , 
malt  in  great  miW'* 
80  that  the  iiit«f8niitw' 
on  either  tadc  ■«»» '" 
be  covered  with  long  liaii-s  and  setip,  an<l  n  thick  felt  t»f  '•«''' 
shining  with  a  metallic  lustre  is  distributed  over  the  whol*  'l""* 


El' 


TzQ.  iOn.  -Autenor  em!  of  PoJjfmof  *xtemmit«,  ihc  flt>l 
Q\ytnm  ou  Ihe  left  hnnd  liciug  roroovoil  (iifUrr  Cl»- 
pciTtMlo).  The  two  Mta»  of  Um  oimlaefonent  lire  visible ; 
S/,  Klytm. 
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sforfMv    (AphrodlU).      Tlie   apjieudages  of    tiie    |i;iriij)o<lia    pi-esent 

;>  n  «]iih11_v  giviit  variety  of  form  iiml  not  nnfreqiieiitly  van- in  the 

vul  parts  of  the  body.     Tliey  ore  eitlier  simple  or  ringe<l  tenta- 

t-. -  -like  proce»<«t<,  the  cirri,  whicii  ai*  ilLstinguLshiible  into  (loi>»il  and 

«TentT»l  cirrL     The  cini  are  for  the  nn)st  part  filil'orm,  and  soinetimew 

j«-*inte<l  or  conical,  aud  then  are  often   pi-ovideii  witli  a  h]>ecial  Iwisiil 

joint.     In  foiue  caj*«  the  do«"sal  cirri  aiv  flattened  out  iis  bn>ad  scales 

i».u<l  jearei,  the  fhjtra,  which  ponstitute  a  protective  covering  (Aphro- 

tiuit]  (li<;.  239).      In    addition    to    the 

■i,  branehise  wliii^h  may  lie  filiform 

liniiirhed    and    antler-like,    conili- 

■!x\i  or  in    the    fonn    of    tufts,  are 

■|unntly    present ;    sometimes    they 

*n^  (onfinetl  to   the  middle  region    of 

tile  IhkIv,  or  are  extended  over  almost 

tij*  tfliole    doi-!«al    surface;    H(>metimes 

'l»ej:  are  confined  to  the  head  or  to  the 

tjor  Negments  immeiliately  followinj; 

ionU  tie^onent  (cephalic  branchiie). 

The  two  ajiterjor  segmentN  may  be 

"jpinloil  a.H   forming  the   heat! :    they 

■rtfu-*!!  together,  and  are,  witii  regjird 

t*>  their  appeniLiges,  diflerent  from  the 

following   segments    (tig.     245).      The 

•ntwor  oegment  j>roject!i  beyond    the 

OioBth  OS   the  frontal   lobe,  and  l)eai-s 

tae((n(ac/««  and /Wy>«  ^pdlpg  ai-e  ten- 

'•oilw   iitnictui-eM    ai-i-sing    from    the 

**ntro-lafei-Hl  sides  of    the   hwid.  riWs 

I^-  379]  and  ivlso  the  eyes  ;  the  posterioi- 

otpluUic  negment  or  oral  segment  bears 

*wt«nt«cular  cini.     The  hist  segment 

(vul  iiegnient )  l>f>iws  the  inuil  cirri. 

The  alimentary    canal    is    usually 
"tnuitlit.  and  t-.ttends  fi-om  tlio  umutli 

^  the  Mtius.  which  i>  terminal  mid  rnrely  dorsal ;  it  i.«  divided 
Uilo dnoplingii.s  intestine,  and  rectum  (fig.  300),  There  u*  in  most 
"•*»  a  dilated  muscular  phaiyngwil  bulb  which  is  armed  with 
iMpilLr  or  with  mo\i«ble  t««tli  and  «in  Ije  pnitruded  a,s  a  profxnieig. 
TTi*-  icit«itine  usuallv  pre.sen"ex  the  same  structuiv  in  its  entire 
^'egular  constrictions   into   a   nundier  of 

24 


Fm,  300.  —  AUineutHry  cnoal  of 
Apkrvdilr  nrnlnttii  (fiPter  M.  Ed- 
wftnls).  Ph,  pharynx ;  D,  iDte»- 
tine ;  h.  licp*Uc  llppcnclage^. 
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dhrLoono  or  duunliers,  which  correNpond  to  tlie  segments  imii  ( 
•gain  into  Utend  divtrticula  and  csca.     The  constrictions  are  dn«l 
fiUuoentogs  or  liienibranous  ^<epta  (diis^cpimentM ).  wliich  divirfc- 
Italy  cavitj  into  the  same  nnmber  of  chambers  lying  one 
another. 

The  Tiacolar  system  nppearb  to  be  cloHed,  so  that  the  dear  uuti 
tive  fluid  found  in  the  body  cavity,  which,  like  the  blood,  oonli 
a<Fl<aid  corpu^i^es,  does  not  commnninite  with  the  usually  rolnnn 
Dntents  of  the  vewselh.  The  dorsul  »tu\  ventral  v-«?t«ls  are  um  ..u . 
ctmnecled  at  each  end  by  lateral  loops,  but  also  in  each  sepnieut :  aM 
from  the^  connecting  vessels  proceetl  periphenil  networks,  «Lkl 
extend  uito  the  inte^iiuent,  the  wall  of  the  alimentary'  cuiinl,  niid  iht 
kranc/iiar. 

Special  organs  of  respiration  :ire  uiinting  in  flInlo^.t  all  the  Olifo- 
chtrtit.     In  the  marine  Worms,  on  the  cotitfar^i',  branchiie  are  «n 
enendly  present,  usually  as  appendiit,'es  of  the  parapcwlia.    Tho« 
branchiw  are  either  simple  cirri  which   have  delicate  ciliated  u«U< 
iUid  contain  blood-vessds,  or  are  bnuiclied  (Ampltinomt)  or  in  ■^obv 
CJkses  are  pectinate  structures  ( Eunice)  which  co-exist  with  sperii\!    • 
on  the  noto|)<»dia  (fig.  246^.     Tlie  brnnchia'  are  sometimes  ci'i.i; 
to  the  middle  aeginent«  (ArtnteoUi),  and  are  (sometimes  de\'el(;ped  oo 
almos-t  nil    the   segments  on    the  dorsal    surfuci",    lieing   siinplifiiJ 
fowanls  the  posterior  eml   of  the  body  (DoritihratuJtiala).     In  tie 
TuhictJtf.  the  branchiie  are  confined  to  tlie  two  {Pedinaria  SaUBiir) 
or  three  (Tereheila)  anterior  s^ments.     Tlie  pespinilory  fanctido  k 
however,  also  shared  (CiijtiiViratteliinta)  \r\  ii  numlier  of  elonjiiMi 
tentacles  which  are  grouped  in  tufts  on  the   head.     Tliese  we,  in 
the  SnMlitia;  supporle<l   by   a   special    cartilagijions  .skeleton,  •o'l 
may  have  secondarv  twigs  developed  upon  them.     Tliey  are  dtirf 
•dmply  aiTange<l  in  a  circle   round  the  mouth,  or   in    two  fan-lik 
lateral  gii>ups  (.'iWpfilidfe),  the  base  of  which  is  not  unfrei|aout|] 
drawn  out  into  a  spiml  plate.     Such  bnuichial  structures,  boweva 
also  function  as  organs  of  touch,  lus  organs  for  procuring  nntiiiaraiifj 
and  evfn  for  buiMing  the  tubes  and  shells. 

Excretory  organs. — There  are  ustiallj  in  all  tlie  segm«int« 
segmentiil  iirgiiii.s  which  serve  as  exciftory  organs.     The\ 
rule,  with  a  ciUated  funnel  in  the  liody  cii\-ity  ;  they  potSM*.-     ^ 
lar  wall,  are  iteveral  times  coileil  n)ion  thenuselvea,  and  open  lo  i 
exterior   in   e«u^h    segiuent    b_v    a    lateral    poi-e.      Tliesc    glandaa 
pnasagw  serve   in    general    for   the  removal   of   matli^rs   fniin 
body  cavity,   and    in   tAe  vuirittt   Chtttopoda  are   u*fl  rf«nny  f* 
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ineding  teason  a»  ovidiusts.  or  vasa  de/erentia,  and  permit  of  the 
pauage  outwards  of  the  generative  products,  which  have  been  set  free 
m  the  body  cavity. 

Amongst  the  special  glands  in  the  body  of  the  Cftcetopoda,  those 
eataneou.s  glands  of  the  Oligochceta  which  give  rise  to  the  thickening 
(extending  over  several  segments)  known  as  the  clitellus  or  gii-dle, 
ire  especially  worthy  of  remark.  The  secretion  of  these  glands 
perhaps  assLsts  the  intimate  connection  of  the  Worms  during  copula- 
tiim.  In  the  Serpididm  there  are  present  two  large  glands,  which 
ipen  upon  the  doriial  surface  of  the  anterior  portion  of  the  body  and 
famish  a  secretion  nsed  in  the  formation  of  the  tubes  in  which  the 

■.tiimala  live. 


Fl».  aOl. — Brain  and  anterior  portion  of  the  ganfflionic  chain,  o,  of  Srrpula  ;  4,  of  Ncrtlt, 
(after  Quatrefages) ;  O,  eyes ;  O,  cerebral  ganglion  ;  c,  oesophageal  commissure ;  Ug, 
■nbcnophageal  ganglion ;  i  i,  nerves  to  the  tentacular  cirri  and  the  mouth  segment. 


Vsrroiu  Sjrstem. — The  longitudinal  tninks  of  the  ventral  cord  are 
often  so  closely  approached  that  they  seem  to  form  a  single  cord 
{OUgoehiBta).  In  the  TuMcoke  (fig.  301),  on  the  contrary,  they  are 
very  widely  .separated  from  one  another,  aspecially  in  the  anterior 
part  of  the  ganglionic  chain  {Serpida).  The  visceral  nervous  .system 
consists  of  paired  and  unpaired  ganglia,  which  supply  the  owl  i-egion 
and  especially  the  protrusible  probascis. 

Soue  organf. — Paired  eyes  upon  the  surface  of  the  frontal  {i.e. 
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pi-spoml  or  cephiilic)  lobe  lu-c  uiilely  di.stribuie«L     Eye-f^JoU  may 
be  pi-esent  upuu  the  posterior  end  i>(  the  boily  {/''(t/irici/i),  «ir  uiay 
regiilai-ly  repeated  upon  the  hides  of  eaoh  seguieiit  (I'lAijiijJttlniliaui. 
In  species  of  Snbella,  pi^iient-spot,s  with  i-efractive  boditw  an;  fi 
^ven  upon  the  branchial  tiiiunents.     The  Lirge  cephalic  eyes  of 

lus  Alciope  *  are  the  mneit  highly  developed,  being  pniriiled  * 
fi  large  lenj*  and  a  ooiiipliotted  retinn.  The  pivscnce  of  Minlit  n 
organs  seems  less  fi*quent.  They  appeiir  us  piiired  utolitliic  vt-i.-i-^ 
upon  the  oesophugeHl  liiig  of  Artnicolu,  Fabrieia,  nome  Sait/iiJcr  »ai 
j'oung  TtrebeUida,  etc.  Besides  the  teiitacless,  cini  and  elytw,  <'thwj 
|Kirtiuns  of  the  stirfiice  of  the  body  uuiy  W 
tive  to  tactile  sen.sations.  On  toicli  pHrt«  thi 
ni-e  either  stiff  hiiirs  iind  t;u"tile  set*,  or,  as  in 
t>']>fi(truilunti)i,  speciiil  tuctile  warts  witL  wnt 
tenuinations. 

Seprodnction. — In    the   smaller    ChirUtju^t 
asexiitil    generation    bj-  tissiou    »n<l   g«'auuiiiii»i 
may   occur.      Either  (fissiparous   reprtxlnctiwil 
II  large  number  of  segmentti  of  the  jmrent  If- 
conie  .separate  and  give  rise  to  the  liodj  iif  tli* 
new  worm,  as  for  example  in  ,Si/lli»  proli/i 
whei-e  a  series  of  the  [mst^rioi-  segments  whir. 
ure  fille<l  with  o\8,  Ixx-omo  sepjinited  by  u  sin] 
tninsverse  fitwion,  after  the  formation  of  ii  Lw 
pi-oWded    with    eyes ;    or   (gemmijuirous  re|i 
duction)  a  single  segment  only,  usually  tbe  l*." 
l>ecomes  (he  sl4U-ting-f>oint   for  the  f'" 
a  new  individuHJ.     In  this  way  Avl-, 
lifer,  one  of  the  Syllidce,  ajsexintlly  reprmlm 
Fio.302.— ix/o/jf/M  tar-     itself,  giving  rise  to  a  male  and  fen    ' 

nnfaf,  with  lUo   mule       i.  ,  -      , 

Bnimai    i'„/y/«.rfr.r»«.     tonii,    knowi    re.spectivelv     as     /'..( 

(>.m,r  A.  AgoMi.).  F.     iiuiierif   (male)    ajid    Sneamerms  hdirlaMt* 

cQlur  cirri:  /,  tentn-     (female).     Tliis  is  a  case  of  alleiiialimi  of  p>nf- 

c|e»i    r*    lenrtouiar     „iti<)ns,  for  the  asexual  form,  AtUolutu*.  US'" 

dm  of  the  m«le.  '  i 

rise  by  bud<Iing  in  the  long  wci*  to  tbe  (•«»' 

forms  (fig.  302).  In  tlus  case  a  whole  series  of  segment*  *re  dewkl*' 


•  Circcff,-'  Uetjordns  Aiipe  ilorjMdnpidon.  kXc."  M»rborR.  JS"«;»Dd-l' 
wiclmiiBcii  liber  ilic  AlcidpiilMii."   .Vor.   Avt.  drr  A".  J^vo.    AiaJ.,  rtf-   !<• 
XXXIX.,  Nro.  3. 

t  CiiiiiiiaK- lic.fi<)cs  t)u- work*  of  ().  Ft.  Miillci,   0"nlri'f»p»>.  I 
Kroliii.  especially  A.  .Aga.<siz.  ••  On  alti>rM»re  ticuumtiou   of  Aiiim  ! 
»nilirji'iliigy  of  Autut.nuM  c ornutua."  /liuUm  Jonrit.  A»t.  IM.,  YoL  in-  i*** 


i 
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\uAt  segment  of  the  asexunl  fonn,  ami  tlie.-*  .sopments, 
Jjje  formation  of  ii  head,  constitute  a  new  iiuUviihial.  As  tliis 
is  repeHtetl,  a  chiiin  of  connected  individnals  is  formed,  and 
I  sooa  OK  they  are  sepiinit**!.  repi-e.sent  the  sexnal  indiviihials. 
.^^inong  the  freshwater  Xavlo-,  in  Ch<rtog(tslcr,  a  reffulur  and  wuitimied 
uilding  in  the  long  axis  letulx  to  the  formation  of  chains  consisting  of 
-fiot  less  than  12  to  16  zooids,  each  having;  only  foiu-  segments,  while 
the«priwl  indi^ndiials  consist  of  a  gi-eater  number  of  segments.  A 
tdmilar  [iroceNs  occtn-s  in  the  mode  of  i-epnxlnetion  observed  by  O. 
Fv.  Miiller  in  Xaig  prohoicuUn,  fmm  tlie  last  segment  of  which  a 
■an  »xiid  is  pro<luce<l.  Both  generations  of  A'ai>,  however,  become 
f*Hmlly  uuiture. 

[For  *  Duiie  «oni|>1ete  Bc<v)anl  u{  the  oKcxunl  rcprtKlactinn  of  Clinstopoda, 
rWf  Balliiur.  "  fomiinnitivc  Embryology."  vol.  i.,  pp.  2.Sl.  2K4.] 

Th*  ClitrtopofLi  are,  with 
Uw  uceptiun  of  the  her- 
brodite  Olit/oeJiteUi  and 
SfTf/iduUe  {€.</.,  -Sj/i- 
|t«(ti  ipirillutti,  Proltda 
of  separate  sexes. 
Hod  feumle  individuals 
Mat  ocnaonally  so  sti-ikingly 
•Mreit  in  the  structui-e  of 
IW  orgaitt  of  Mense  and  lo- 
ooootion  that  they  have  even 

Itw  tjikcn  for  -qjeciftN  of  distinct  geneni.  Be-xides  the  aUjve- 
[««i«Uon«l  SnocoruTtit  nuA  PolylHVftric/itiM,  the  tiaexmil  generation  of 
\\!<  AtUol'ftuM,  a  simibir  sexual  diniorphLsm  luts  been  sliown  by 
en  for  Ifcteronereie,  a  genuH  of  the  Li/corixliK,  in  which  the 
•"■l**  and  femalei  <lifler  both  in  external  form  and  in  the  nnmlier 
"'  their  f«egirient«.  A  remarkable  «u«e  of  hcterogiimy  is  alno 
•lEinlwl  by  this  genu*,  in  tliat  i»  generation  of  •.nuUler  aniiuahi 
*nnmiing  nfjon  the  Mirface  altemnte«  with  a  generation  of  larger 
'innii  living  upon  the  bottom. 

Tlic  gnnemtiri"  appairstiut  of  the  OUyocheeta  is  ^'ery  highly  «le»e- 
1«1««L  The  o%i»rie*  and  t««t«w  lie  in  definite  -.egmentjs  and  empty 
tlieir  motentA  W  ilehinoenoe  of  their  wuIIm  into  the  body  cavity. 
8|i«aid  geoentive  dnoU  often  oo-exMt  with  xegmentii]  orgaxM  is 
liif  wme  aegment  {0.  UrriooUr),  while  in  other  ca»«  the  ■^gmon- 
t»l  orgMi*  »re  wanting  in  tl>e  geaerstivB  tegiaentH  (O.  Umieotm).     la 


Fio.  VJi. — A  pankpotlium  of  TomnpUri*  with  * 
maM  of  oT»  ftiul  ODo  free  ovum  (After  C. 
Ocftonbaar). 
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the  marine  Chtrtopoda,  the  ovm  or  spermatozoa  originate  ODtkbo^l 
wjill  ( tig.  303 )  from  cells  of  the  peritoneal  membrane,  either  is  4i| 
anterior  segments  alone  or  along  the  whole  length  of  the  bodr.  lb  I 
generative  products  then  become  free  in  the  body  cavity,  i 
maturity,  and  pstss  through  the  (tegmental  organs  to  the  estoiK  I 
Only  a  few  Chatopoiia,  as  Eunice  and  SyUU  rivipara,  are  viviprn^  1 
ill!  the  rest  are  o\-iparous  :  many  lay  their  eggs  in  connected  gnnfii 
and  caiTy  theut  about  with  them,  while  the  Oligochatta  lay  thws  ■  I 
cocoons. 

Development. — The  .-^gmentation  is  unequal.     A  primitive  itrnk 
is  very  grenerally  develope«l.  though  sometimes  not  until  the  emW 
has  left  the  epg.     It  arises  on  the  ventral  side  in  consequence  of  the 
development  of  a  middle  layer  and  from  neuti-al  plates  of  the  njipet 
laj-er. 

Excepting  in  the  Oligodnrta,  the  young  forms  undergo  a  metamor- 
pluv>is  and  after  lesiving  the  egg  appear  as  ciliated  larva?,  which  are 
pn>vided  with  mouth  and  alimentary  canal,  and  essentially  reseniWf, 
with  some  motliticutions,  Loven's  lai-va. 

Tlie  cjipability  of  renewing  lost  portions  of  the  l)ody,  more  e^p^ 
cially  tlie  posterior  part  of  the  body  and  different  appendages,  seems 
to  l>e  geuenilly  tUstributetl.  Tlie  Lumhrieina-  and  certain  luanM 
Worui.-  (/h'ojxttni.  Li/caretus)  ai-e  even  able  to  replace  the  lietiJ  anJ 
tlio  interior  segments,  with  the  brain,  oe.sophageal  ring,  jiiui  sen.-« 
appiiiitu>. 

F(>v«il  i-emain.--  of  C/urlojHMia  ai-e  found  from  tlie  Silurian  oiiw.mt. 
in  the  iuo>t  dirtoivnt  formations. 

(M/fT  1 . — PobYcn.RTA.* 

}fiiriiit'  ('fiirlojKuhi,  in'ffi  )i}'merous  setce  embedded  in  t/nj  jmnij'xli'i- 
iisi'alli/  fit/i  distinct  /iHid,  teiitaclti,  cirri,  and  branc/iin:  Thoj  nf 
r'oi-  tlf  liwgt  ]Mir(  i/i«oi"()('*',  ond  develop  in'tfi  )nctanio7-pf40gig. 

Tlio  marine  Chciiojxxlti  must  l>c  considei-ed  as  Ijeloiigiiig  to  » 
highor  gi-ade  of  life,  on  account  of  the  shai-p  distinction  of  the  had 
which  is  ooiii}H>sed  of  the  pni'stoinium  (pneoi-.il  lolx-)  and  orsJ 
sojrnu'ut  (in  tho  Anip/iinoniidit'  Severn]  succeeding  segments  are  »l* 
included),  and  of  the  pivsence  of  the  tentacles,  tentsicular  cirri  mJ 

•  Amlonin  ct  Miliu-  Kihv;»nls.  "Cl.i'ssifio.itioii  Jos  AniielMes  ot  iK«'ri|>tw 
ill*  ivlUs  i|ui  hal'iiont  lc<  cotos  <lc  la  France,"  Aiinnirt  itf»  Sr.  .Vii/„  Iw- 
XXVlt.  t.>  -XXX..  IS.!2-'tS.  IVllo  (.'hiaic  ••  DoM-riziimi  o  initoinia  iM- 
aniiiiali  Mniza  vortol'iv  iloUa  Sioili.i  citeri'>re.''  Xa|)iili.  1S41.  Qu.itn.'.'Ji'S'- 
••  IIi^toin>  iiatimllc  <los  Aiiin>!.>."  T.nn.  I.  and  II..  IStU.  .\!?iO  the  numero" 
writinss  «f  K-  tiruln.'  .iiul  E.  (.'lai>,imle. 
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i^^jB  gilla,ai)d  also  uf  the  set«e  embedded  in  prominent  paruixxlia,  whil 
«rve  a»  aids  to  swimming.  The  internal  orgauizivtiou,  however^ 
inuo  WHT  more  ccunplicated  tlum  that  of  the  UlujochiKta.  Nevertlj 
\e*  »U  thuse  distinctive  characters  may  be  less  and  less  marks 
»nd,  iudeed,  »o  comjiletely  vanish  that  it  i.s  difficult  to  draw  a  sshoi 
lilie  fa«tween  the  Oliifoch<eta  and  the  Poli/cfiiifn.  The  parapod 
{CapittUidir)  and  also  the  setie  {Tonwpteridat)  may  be  wanting. 

la nu'o  cnsdts,  bundles  of  setfeare  present  on  all  the  segments  betii] 
tl»h«(i ;  they  are  however  an-nnged  in  a  single  tx)w  and  embetldj 
ia  »  tingle  pair  of  ventral  retractile  panipodia  in  each  inegmet 


tokf:. 


-  "IL  —  H«ail  ani  mntcrior  body  segmrnu  or  .Vrrvta  Oumrrilii  (after  E.  CUpuM^t 
Bjes :  P,  p&ljn  ;  CY,  CrntacuUr  cirri ;  K,  pharjUKcul  jaws.  ^ 

.  **>»  arrangement,  which  is  found  in  Saeeocirnm  and  its  allies,  p| 

*  ''ly  represents  the  primitive  stiite,  e.-jKH-ially  as  in  these  animalfi  t 

'Aracter  <>f  the  nervous  system,  which  lies  in  the  ect^nlerm  exten 

^  the  dermal  muscular  envelope,  ami  of  the  sense  organs,  which  t 

'Placed  to  twfi  (iiin])lo  tentacles  ujH)n  the  ccpiialic  lobe  and  t<.>  ciliat 

f'lf^  indicate-'i  lower  and  mui-e  primitive  couilitions. 

In  another  aud  very  remarkable  tjrpe,  PoU/'jordiua  Schn.  a 
f'rolndritiu  ILitsoh.,  not  only  jmnipoilia  and  setie  but  aim  ( 
*ni"mal  segmentation  are  wanting.  The  segmentation  of  ti 
•ehctous  und   externally   uusegmented   worm   is  entirely  cunfii 
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to  the  internnl  organization  and  is,  as  rompftred  with  that  of  all  rtta 
Annelitla,  to  ii  certiiin  extent  eonijifetrli/  /itniioiioiiuitiji,  ina^-mucL  k 
the  n«ophugus  is  conrined  to    the  cephalic  tjegment  and  dub  w* 
extend  into  the  anterior  ^gment«  of  the  body.     Further,  the  nerws* 
system  is  connected  with  the  ecto<lerm  along  it^s  whole  length,  tn* 
the  cerebnil  ganglion  roaintiiins  its  urimitive  position  at  the  autt-r«>* 
end,  corresponding  U>  the  apiad  plate  of  the  lumi ;  and  the  veiiti** 
cord  is  without  ganglionic  swellings.     In  all  the  above  points  tlu^ 

forms     esem    to 


have      pneantl 
the  prinjitiw  Ao-j 
nelidan  struct 
and      they     liar 
therefore      fare 
united     by    Hat 
scbek  intoas]! 
class,  the  Areliim- 
nelitUi. 

In     the    P<i\ 
chitla  the  VMCttllT' 

system  i»  c<>m}ili- 
Ciite<l    bv   the  »}>— 
jieiu'ance  of  braa— ' 
chiiv.    which 
providetl       willn 
blootl-vi-ssel*.    li» 
the     ffii-ms    w)tl« 
dorxd      brwjchie 
the        hinocluJ 
blood     i«i    ilcrivfw 
fi-(im    the    ilnr*l 
trunk      and    "■"• 
turned  lo  th#*W 
tml      by    »!«■' 
veswels.       When, 
on  the  other  hand,  as  in  the  tubicoloiw  capito-brouchiate  fonns  tt* 
respiratory  apparatus  is  concentrated  on  a  fe\»'  segments,  the  wt^ 
system  of  that  jnut   undergoes  greater  moditicutionts.     Id  thu  Tn*- 
MliHas  (tig.  30.5),  the  dorsid  trunk  dilnt«s  above  the  plmrj-nx  '"  • 
branchial  heai-t  from  which  latt>ral   branches  are  given  off  to  ih' 
brttnchiaj.     In  the  same  region  the  transverse  loops  connecting  ^ 


Fio.  805.— TVivM/o  mIkIcm,  openwl  from  thi)  dorwit  side  (nftcr 
M.  EdwanU).  T,  Teuuclw :  A',  Urnuchi* ;  On,  Onrtni  reuet  nr 
heart. 
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«raal  and  ventral  trunks  may  perform  the  function  of  hearts,  as 
I  also  frequently  the  case  in  the  Oligoc/ieeta.  Finally  the  vascular 
QBtem  is  in  many  cases  considerably  reduced,  and,  according  to 
Bapartde,  is  entirely  wanting  in  Glycera  and  CapiteUa,  in  which  the 
Mood  is  represented  by  the  perivisceral  fluid. 

The  ^neratiTe  organs,  unlike  those  of  the  hermaphrodite  Oligo- 
Aaia,  are  usually  placed  in  diflferent  individuals ;  and  the  males  and 
"OuJes  are  sometimes  of  very  different  forms.  A  number  of  herma- 
plwxiite  Polychata  are,  however,  known  ;  such  principally  belong  to 
^Weiu  of  the  Serpulidce,  e.g.,  Spirorbis,  Prottiia. 

The  development,  unlike  that  of  the  Oligochoeta,  is  invariably  con- 
"«cted  with  a 
Metamorphosis, 
'dentation  is, 
'in  the  Hirudi- 
"i  u.suaUy  un- 
"*!>  and  even 
^  first  two  seg- 
''**«-tion  spheres 
'  of  unequal 
'•  The  smaller 
I'xnal)  half, 
"^•4  segments 
■^  quickly, 
^  rise  to 
^er  segments, 
"^h  gi'ow  i-onnd 
'  envelope  the 
S^J-  segments 
*^«eding  from 
*    .segmentation 

'  the  larger  half.  In  the  .subse<jnent  development  a  primitive  sti-eak 
"•JJe-s  its  appearance  in  all  embiyos  of  Polychmta,  .sometimes,  how- 
'^r,  not  until  the  embryo  has  begiin  to  lead  a  fi-ee  life  as  lai-va. 
•^e  ganglia  become  differentiated  later  into  the  ventral  chain. 

In  the  free-swimming  larvw  the  cilia  are  i-arely  distributed  over 
ie  whole  surface  of  the  body  {Atrocha*).  They  are  u.sually  confined 
0  special  rows  (ciliated  rings)  ;  sometimes,  as  in  Lov6n's  lai-va,  there 
J  <H»e  row  placed  in  front  of  the  mouth  at  .some  distance  from  the 

*  Compare  E.  ClaparMe  and  E.  Metschnikoff,  '•  Beitnigc  zur  Entwickelnngs- 
etcbichte  der  Chietopoden,"  Zeitschr.  fiir  wiss.  Zool.,  Tuid.  XIX.,  1869. 


Fio.  306.— lATTie  of  Potj/ckafa  (after  Busch).  <i,  Larva  of  iV«-.ii. 
F,  tentacle;  Oe,  eyes;  PrW,  prteoral  circle  of  cilia:  O, 
month;  yl,  anas,  i,  Meaotrocbal,  larva  of  Chmlofitnu;  Wp, 
circle  of  cilia. 
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iiDt«rior  ond   of  tlie  IknIt  ( Cepimbtrocitt,  t.g^  Un-n  of  Ptifm^  j 
Soiuctimes  there  ar*  two  rows,  one  »t  cocL  enJ  of  ih»  Imlv.w  ] 
.stitiuiiig  H  pi-iM>raI  and  periii&al  nix%  {Tdutroehti,  «.;.,  Spio-Srfkliif 
litrra).     In  aililitinn  to   tbese  two   rings  of  ciliu,  incoiupietf'  nop 
miiy  also  be  pi-eseiit  on  the  ventral  butiace  (fr'attrotmdia),  or  1<«1  I 
ventmlly  and  dorsullr  (Amphitrae/ta).     In  other  csuen  ow  at  i 
rowN  of  cilin  snrroiind  tlie  middle  of  the  body  (Jfesotrodta),  »lj 
teruiinnl  ruigs  (piivomi  anil  periiinal)  are  absent  (TWeyMonu-t'fi 
r<n'«  Wva)  (fig.  306).      Many  Unrm  are  piorided  with  l(iiig|ii»^j 
visidiiHl  sent,  wliidi  nrv  Ihter  rejilaced  by  the  p^muineiit  str 
(MeUidutta).     1m  ^pite  of  their  grwit  diversity  of  furui  tlie  l.'la 
larA-a*  can  in  tlieir  later  dei-elopaent  also  be  reduced  to  the  tj^yi'Tl 
the  lun'ii  of  Loven. 

Relatively  feu   forms  an  for  instance  the  tninspitr«nt  Jlrio^  I 
live  at  the  siirfaee  (pelagic  aninutl>) :  v*  I 
of  them  live  near  the  coast.     Sunioiw] 
forms  de5*-end  into  tho  deep  swi,    Mmjl 
liave  the   power   of  emitting  im  int«ii*| 
light,  eNpeciully  species  of  the  geutui  Ort 
loptrrvt  whii:h  emit  light  from  tbfir  i 
teiuiR"    Hiid   appendages.      Tljo   el\1n 
Poii/itoe,  the  tentacles  of  Pol;/cirrtu,  i 
the    integument   of  certain  i^ifiiiia, 
also  phc»<[)hore:<ceut.    Panwri  •  lui.-  fit 
that    the  seat  of    the  phutiphi>res«ni(« 
in  unicellular  cntaneoiis  glands,  which.  > 
Pol'fuot,  were  proiTwl  to  lie  in  comiixi 
cation  with  nenes. 

Sub-order  1.  Errantia.  Vitv^yi 
ming,  predacious  I'olifcJuFl/i.  The  pntistomimu  alwaj-s  i'enitiiiu>  >" 
de{)endent  and  furiu^s  with  the  oral  segment,  a  well-iuarkol 
which  bears  eyes,  tentaclees  and  nsually  tentacular  cirri, 
parapodia  are  much  more  developed  tlmn  in  the  Tubieolf,  »i>41 
together  with  their  very  variously  sli»]>ed  seta?,  none  as  cwi-s  T1*I 
anterior  jiortion  of  the  pharvnx  can  be  protruded  as  a  pn)li»«»l 
and  is  divide<l  into  several  portions;  it  is  either  beset  with  laf""*! 
or  contains  a  powerful  masticutor)'  apjiarutus,  which  appears  »»  '••j 
extremity  when  protrudetl  (fig.  307).  BmuchUr  may  be  «-anUni'H 
when    present,    they  tusituilly   appear  as   comb-shapetl    or   ilMulnt''l 


Fig.  %C — jr*rwii  m^rf<*ritafm, 
Uftftd  with  protnileit  jaw 
upparann  uf  ths  ptwiynx, 
ttom  the  datiKl  mxrtmte  (after 
yL  E<lw«rilit).  X.  J*vr>:  F, 
teui4icl«» ;  P,  palp»  :  Ft,  ten. 
lacalar  ciiTi. 


*  I'anrcri,  "  tjk  luw  e  gU  oT;^Rni  luBiiimci  di  alcuni  annrlv'' ' 
Arail.  octvnsi  li.  g  mat.  ili  Kapoli.  1876. 
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the  parD{x><liii  {Dor»ibnmcldata).  The  ErraiUia  ai*  pi-e- 
l^btoty  in  their  habits  (Hajxicui)  iind  swim  freely  in  the  sea;  htit 
Nhey  may  also  inhabit  temporarily  tliin  membi-anons  tubes. 

Piun.  AphroditidK.     Broad   scalus    [rli/tra)  on   the   iiotopodia.     These   nrc 

|tiia«lly  plncccj  on  iiltcrnate  «iniu:iits,  often  only  on  the  anterior  |iart  of  the 

ITviIt.     Hnertomiuni.  with   eves,  with  one   unpaired  and   usually  two   lateral 

1  teiiUcle*.  to  which  may  bo  added  two  stronger  lateral  ventrally  placerl  tentacles 

•).     J'roboscis  cylindricjil,  protiusilde.  with   two  np|>er   and   two   under 

Aiihruditr  oenlrata  Lin.  Q/Ii/tttrix  muiiiia  Redi.)     The  back  has  a  thick 

of  boirs.      Eyes  sessile.     Numerous   setic   on   the   neuroijodin.    Pnti/nn'e 

»nUprndriHa  SaT.     Ocean  and  Mc<literraneaii. 

r»ni.  Znnieidv.    Body  very  long.  com|)n8ed  of  numerous  Hogments.     Pnpsti)- 

i»i«m  with  scvcrnl  tentacles.     I'arapolia  usually  uniramo'a.':>,  rarely  liiramonx, 

owilly  with  ventral  and  dorsal  cirri  as  well  as  branchiic.      One   upjier  jaw 

o«Bpo«i>d  of  wvera]  pieces,  and  a  lower  consisting  of  two  plates ;  both  lie  in 

I  •»'•.  the  jnw-sack,  on  the  dorsal  surface  of  which  runs  the  pharyngeal  tube. 

y^tt^rnrrpkaly  rittatun  Ht..  IltiUa  {Lij>itlicr)  partkrnupeia  Delle  Ch.,  Naples. 

/ra  ii<-rt//.//irrt »rt  Del Ic  Ch.,  Naples,     Kmiicr  Jlariftii  Anii.  V.(\\\. 

nm.  VtnAim  —  Lijriiriiltr.'     The  elongated  body  is  composed  of  numerous 

•*8Bieiit».    The  pncstomiura  has  two  tentacles,  two  palps,  and  four  eyes.    The 

•"■•■fiOdia  ape  cither  uni-  or  bi-ranious,  and  are  furnished  with  dorsal  and  ventral 

<^rri  and  with  i'om|>iwit<;  selie.     Proboscis  utiiially  poiutcsses  spines,  and  always 


two 


jiws.     A'rrftn  OiiHirrilii  Aud.  Kdw..  Krcncli  and  English  coasts,  to  which 


**l<>ngii  Iletermirrrit  fvcicoJn  Ocrnt,  X.  ruUrifera  Gr..  Mediterranean  y. 
f'trata  S»T..  North  Sea.  The  form  formerly  distinguislie<l  as  Urt ernnercit 
^*WBt,  lUffers  fTom  Nrrrit  in  the  great  siee  of  the  pra'stomium  and  of  the  eyes, 
***>  in  the  extraordinary  development  of  the  parapo<1ia,  and  in  the  abnormal 
"*W»tion  of  the  hinder  end  of  the  body.  It  Iwlongs.  however,  to  the  same 
^y^Xt  <'\  development  as  Serrit  and  Nrreilvpn*. 

Pam.  01yeerid>.     Body  slender,  comixjsi-d   of  numerous    ringed  segments. 

pTRstomium  is  conical  and.  ringoil,  witli  four  small  tentacles  at  its  point 

tw)i  [lalps  at  its  base.    The  prolwscis  can  be  protruded  to  a  great  length, 

is  pn>vide<l  with  four  strong  tei'th.    The  ha;nml   fluid.  coIoure<l  by  red 

les,  is  coiitaineil  in  the  l>oily  cavity  and  the  branchial  sinuses.    There 

((■(Yial  vascular  system,      (ihjcera  vniiitata  Oerst.,  North  Sea. 

'aiii.  BjUidc.     B'ldy   elongated   nn<l    flattened,   head    usually   with    three 

tades  an<l  two  to  four  tentacular  cirri.     The  protnisible  prolioscis  consists 

»  abort  pnilM>sois  tulx?.  a  pharyngeal  tulw  lined  by  stiff  cuticular  formations. 

»  fiortion  characterise*!  by  annular  rows  of  |K)ints.    .'^exual  and  asexual 

ri'limls,  differing  in  form,  are  sometimos  found  in  the  same  spscies.     Jlany 

titeir  eggs  about  with  thcni  until  the  young  »re  hatchc<l.     Si/Ilit  rittat* 

,  Hcliterraneaii.     OdnHtoniiUit  gihlui  Clap..  Normandy.     Aiilolytun  prolifrr 

¥i.  MUIL,  asexual   form.     The  male  Ims  l)eeu  desrribe<l  as  PiilijhiiMlrirhut 

^Utri   Kef.,   the    fcniak-   as    SicciiHirrh    luhjoUinilipa   Miill.   SphrrrniliiruM 

''tjmtvt  Or..  Mcliteixaneaii. 

Vast.  AleiopidiB  (Alcicipca),     With  two  l.irge  hemispherical  projecting  eyes. 

aud  dorsal  cirri  leaf-like.     The  prolx)scis  is  protnisible,   the  tube  of 

iboK'iis  being  thin   wallwl  ami  it«  tenniiml  {wrtiou  thick   wallol.     At 

Comparf  E.  (irulx",  "  Die  Fomilicder  Lycorideen,"  Jahrethrr.  ilrr  Srhli$U- 
•  UrtrlUrhafty  1*73. 
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its  aperture  nre  tvvohi>ilc-«lin|>e<l  papilla?.    The  lame  nne  iu  fiort  puuisuicijin 
Ci/il ijijiiilrr.      Alriojja  CiiHtriiiHii  Delle  Ch.,  Xaplcx, 

Kam.  Tomopterida    (Gj/miun'ojui).      Heatl    well    mnrkeil,    two   rjo.  'lA^ 
pne^tnniiuin,  :iiid  four  iciiiacluB.  of  wliicb  two  in  man;:  species  are  otilj  yw^ 
in  the  yuung.     The  mouth  segment  has  two  long  t>-utac<ilar  dm  whi 
«npportc<l  by  a  strong  internal  seta.      The  mouth  i*   without  pri>b 
jaws.     The  segnicnis  are  provi<led  with  lai-p;  lii-Iobwl  |>am[»dia  willioiitll 
Tnuiojitrrii  tcoUiprHiIra  Kef.,  Mcxliierranean.     T.  oniiri/ormit  E<rh.,  aitth*  ' 
seas,  Heligoland. 

The  gonuk  Wyxotftoma  K.  S.   I.kt,  a  small  group  of  hcmu^ihralite  mv 
whose  altiuiti'.-8  arc  doubtful   and  disputed,  luaj  be  ]^rcd  here.    Thtj 

smali.  di-^c-khaiieit  atiln 
jnu-a^itic  on  fti««i« 
They  po«s(as  ■  »ij(l 
cUiatwI  skin,  four  l»if*  ' 
laterally  phtevil  taclcjcrt  i 
the  ventral  surfncc  Mrl 
pr«truRible  prMl»*ci> 
liidieil  with  |ia|iiUc  a* 
their  anterior  enil.  »l»  » 
brani-hoil  alimentary  cioaJ 
which  oi>ens  at  the  inM-nv'*' 
cmi  of  the  body.  On  th 
!.1«les  of  the  body  are  fi* 
puLr«  of  »hort  (lanqtalia,  i 
which  eaeJi  une  l<car»»l«o 
(with  one  to  tlirw  «0|iJ< 
meiitary  hooks)  at  "ell  i 
suppi^irting  .sctie.  A*  »  ™I< 
double  at>  many  tirti 
short  wart-like  pnita 
rnnecf  are  found  iV> 
margin  of  I  be  lioily. 
gitibnim,  eirri/rrun  f-  ^1 
I.kt. 

Sub-order   2    8«dB- 

taria     =     Tnbicoli.' 

With  inilistinclly  m^b 

rated    heiul  ami   iJiof' 

usually   not   protniflT>'»  j 

prolioscis,  without  ]«*'•  I 

The    brnnrhije    inay    he    entirely    nbsent   and    in    mnny    au*«  »" 

confiiied    to   the    two    or   three   niiterior    sepneiits    following  li" 

head.      In   exceptional  cases    they  are  pliiced    on  the   dorwl  \*^ 

of  the   miilille  of   the   bfxly    (Aroiicolid").     As  ii   rule,   howertf, 

they   are    represented    by    numerous    fiHform    tent«cles   «nJ  •*"*< 

•  E.  Claparalc,  "BechcrchBS  snr  lu  structure  des  Annvlido*  •(rfenUlK* 
Oentre,  1873. 


Vis.  XH—SplroHi'    laiit   (after  ClnpiirMe).     a,    Tlia 
anlutMl  reroovr*!  frnm  lU  tulie,  AtTouifly  mn^niilirtl ; 

*,   lnl«?  ;     T,    tCUIJU*tu&  ;     Br,   hniOt\-]M\tC\i    with    I'lTf- 

culum  ;   Dr,  clanilii,  Oo,  ova;    Or,  teiiO|ihii(;ui ;    if, 
stomach ;  D,  intesilne. 
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taoaUr  rirri  up«m    the    limd   (Capilibrunddula),   of   which    one  or 

more  may  liear  an  n|>ercuhim  at  its   a|iex  to  clase  the   t<i))e  (tig. 

W).     The  }iiini[K><ii:i  ai-e  shoi-t,  iind  iire  never  ii.se<l  in  .swiuiniing; 

•lie  uotopo<iiu  uninally  carr)'  haii'like  setiv ;  the  iieui-opodiu  .-u-e  tl•an^- 

■*«w  ri<ige»  with  hooked  seta.'  or  plates.     Eyes  »re  very  fre(|uently 

i»l>«mt ;  in  other  ca.se>i  they  ai-e  pi-e.-'ent  in  jxiirs  u|>on  the  heail  or  on 

tkr  tcrmiiijil  segment,  sometimes  even  on  the  briinchiiil  tentJ»ole--» ; 

ifl  the  latter  ease   they   ai^   \-erj-  nunieroun.     The  body  is  often 

divided  into  two  (thonix  and  abdomen)  or  three  I'egions,  tlie  seg- 

nmitx  iif    whirh    are    di.«.tingiii>]ied    by   their    une<jual    size.       The 

Tnhiaila-  live  in  raore  or  le**  firm  ttibes  which  they  construct  for 

tlietOMelres.  and   feed   on  vegetable  mutter  ivhicli   they  pi-ociire  by 

•MWi  of  tiieir  tentacular  appai'atiis.      In  the  construction  of  tlieir 

««l«(  the  nninmLs  are  a.sMKte<l  in  various  ways  by  the  long  tentacles 

<*f  Immcliiiil  tilanicnts  of  the  head;  thus,  for  cxampic,  the  S/tMliil<e 

■fe  !«ud  to  acvuiuulute  line  ooise  at  the  funnel-shaped  buse  of  the 

"nwichiHl  ap|>aratus  by  means  of  the  cilia  of  their  tentacles,  to  mix 

'^  'vith  u  cement  secrete<l  by  large  glands,  and  tlicn  to  tninsfer  it  to 

'**  edge  of  the  tube ;  while  tlie  IWeMVuhr  pi-ocui-e  the  gniins  of  .sand 

'■*  the  construction  of  tiieir  tul.H?s  by  their  long  and  very  extensible 

**'*t«clei«.     There  are  also   boring  Annelids,  which  pierce  limestone 

*fld  intiKsel  sliells,  like  the  horny  Mo1!umc8  ;  e.g..  Suhf.Uu  grcricula,  etc. 

Tlie  development  is  .'^impU'st   when  the  mother  posses.ses  a  kind  of 

"ttKjJ-pouch  for  the  development  of  the  young,  ?.</.,  •Spirurhi/i  spiriflimi 

^^t^.,  the  eggs  and  lame  of  ~>'hich  remain  within  ii  dilatation  of  the 

'PwrcnUr  stalk  until  the  yo\ing  animals  aie  able  to  construct  a  tube 

***    thenuielTes.      Tlie   free-swimming    larvn?   of    most  I'uhicoln;  on 

•^stiiaiag   tlie   form  of   the  worm,  lose  the  cUiary  apparatus,  while 

■•OtadeB  and  itar-tiKKlia  make  their  appeamnce.     In   this  condition 

*•*«!  Miueiimes  surrounded  by  delicate  membranes,  they  swim  .dxnit 

•■'«'  dornv  time  longer,  and.  having  lost  their  eyes  and  auditory  vesicle.s, 

S***dniilly  assume  the  structure  and  mode  of  life  of  the  .sexual  animal 

fun.  laeeoeirridB.     Willi    two  tentacles  nn  the    pnctttominni.   twu  cre« 
***tl   the  Kome  riuiiilior  of  cilintiil  piis.     A  Miigle  row  of  rctracfiK- pamp'Kli.n, 
"^ruinlic*!  with  'iinijU'  »ctie.  on  i-itbvr  fidv  of  thv  tirsnients  of  thf  IkkIv.     .^•/(■/•o. 
**'y^it  IMjiillnrirriiA  lli)tir..  Blai'k  Sra  and  Mijiiitermnu.iii  (Marseilles). 

V'«in.  Ar«iueoUdB.     Pnr<t>jiniuin    fiiiiall    nii<l   without   tciitnck's.     The-   pro- 

♦•■•^-w   U   iKwt  with  vniiilliv.    Tli'.'n;  lire  braiichotl  gill.s  on  tliu  imMiikii  nii>l 

l*>«t<>Tt<ir  Bcgniciitx.     Till-   animals  Imnow    in    sand.     ArrHimln  mnrimi    bin. 

yA.  fitrnffriiKi  lj>tii.).  North  Sea  anil  MciUt-orninoan. 

I'kiu,  Bpisuda  i.\/>iinlf,r).     The  imall  |ir».'stnnnuni  sometimo  with  tcntocu- 
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Inr  |)rrK'e««es,  u^iiaIIv  with  smnll  eyes.     The  onil  wgintnt  m^-  t 

iciiKteular  ciiTi.  which  ftrc  iisiuilly  grooved.     Cirriform  brai  'Jl 

Piili/ilciii  iintt Hiiiitii  I'lap.,  Xajilcs.     Sjiiii  tttii^priiiM   Fabr.,  niinii  MB. 

Kniu.  Chctopterida.     BikIv  ulonpaUid  anil  sciiiualcd  into  «toi1  i1« 
regiipiis.     I.'simlly  two  or  fuur  very  long  Iciitncular  cirri.     Iiorsal  »pi« 
of  I  he  middle  segments  hove  the  shape  of  wings  nnil  «re  oflcn  loM. 
live  in  |inrehmcnt-Uke  tubes.    TrltpMru*  CmttamtH  Clnp..  Naplei^    liatufK*^ 
jM-rt/aiiiriitiiiTiit  Ciiv.,  We.st  Indies. 

Fani.  TerebelUds.     Body  vcruiifonu  and   thicker  auteriorly.     Tht  tWm*  ' 
[(Oftcrior  i>ortioii  ix  sometimes  ilistinefly  marked  oflf  aa  an  n|ipcn<liit(r  ttsUB" 
of  netiu.     The  pncitomium  is  indistinctly  sejiaratc   from  the  mouth 
There  is  frequently  a  lip  above  the  mouth.    Xuraeroua  filiform  teiitncle&.  ii 
arranged  in  two  tufts.     There  are  pectinate  or  lirauched,  rarely  tl»il 
gills  on  a  few  of  the  anterior  s^ments.     Dorsal  prominence*  (uofon 
nished  witli  sinijilc  seta",  and  ventral  transverse  ridgen  (neuTO|)0«li»)  «rilk  I 
sctje.     TeriMla  ronrhilega   Pall.,  English  coast,  Mediterranean.     .l» 
Griihri   Malmgr.,  tireenUind  and  Spittbcivco.      I'l-eUnana  aMnenmH  0.  1 
MilU.,  North  Seas,  Mediterranean.     KtlM-Uaria  {UrrnwlU)  tpinmltm  K  '. 
Heligoland. 

Kaui.  SerpnUdn.     Body  usually  disiinclly  divided  into  two  ivgioiu(ll 
nbdomeii).    I'lwstoraium  fused  with  the  mouth  segment,  -which  as  a  rule  U{ 
vided  with  aeullar.     The  mouth  is  situatol  between  two  scwiojrcular  i«f 
coilefl  iilates,  from  the  anterior  margin  of  which  spring  the  branchial  1 
These  have  seoomlary  filaments  arrangwl  in  single  or  double  rows,  and  i 
8Up|iortc<l  by  a  cartilaginous   skeleton,  and   have   their   b»*es  isinueolcJ  lit  t 
membrane.    Spirmjraphi*  Spiillanz<iiiii,'SliY\v&.     Sahttla  pittiriUxi  Lin„  Nnil 
SeA.s.    .N'.  KoUikrri  Cliip.,  Mediterranean,     Pnituin  JiuJvlphi  Uisso,  Mo-blen 
ncan.     Fili'jraHa  im/>Ujrii  Berk.,  Norwegian  irnil  English  i-oasts,     Aryk 
tfglfa  (jmiii.,  North  Sea  and  MeiUtermuean.     Spirorhit  tpiriUum  Lin,  ( 

OnUr  2. — Oligocu^eta.* 

llennuplirodU*  t'htetopoda  loitfiout  pfiarifitgiMl  tinnoture  mul  j 
jioriin.     T/iere  are  no  tentacl^es,  cirri,  or  brancJtifi.     The 
in  direct. 

The  cephiilic  region  is  coinpotied  of  the  pitegtuuiiuni,  whidi  prtijw 
Its  !in  njiper  lip,  iiinl  tlie  motith  sejj^ieiit.     It   dotMi  not 
iliHer  frum  the  follnwing  oegmcnt.s  so  hs  to  foriu  a  special 
309).     Tentacles,  palps,  uut)  tentoculiu-  cirri  are  never  found  m  i 
but  tactile  impilhe  nre  present  in  gre<it  numlier,  r«  iire  aim  p«n 
sense  organs  wiiioii   rt\semble  taste  buds.     Eyes  either  foil  or 
present  as  simple  pigment  spots.    Besides  the  snuUl  gland  oelbnf  I 

•   Hcsiilcs  the  works  of  W.   Holfmcister,  D'Ldckem,   and  otJii- 
K.  C'laparede.  "  Hceherches  aniitoniir|Ucs  sur  les  Annelides.  et<-., . 
les  Hebrides,"  tieuevc,  JHliO.     K.  (Iiiparedc,  "  Kcelicrili 
Oligochivtes."  ljene\e,   l,sti2.     A.   Kdwalcvski.   "  Kmbi  >H 

WUrmern   und    .Krthropoilen    (/.muhririm,    Knii.n/)." 
Mntjjjhek,     •'Studien    iitier    Kntwicklun(;*grsohichte 
\fli*.  Vt.  Vejdovsky,  "  lleifriige  rur  veigleichendeu  Mm  , 
I.  Monographie  «ler  Kncliytneideii,"  lt>71). 
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IvjuxlwmiH  there  is  iiresent  in  the  olitellus  a  deeper  glanchilar  layer 
(SivUrweAiJil  Clup.),  which  fonsintsof  finely  prinuliir  cells  em tjeiKled 
io  1  frninework  of  pigmented  and  vascukr  connective  tissue  and 
Htnited  between  the  hypodenuis  and  the  external  muscular  layer. 
TLin?  uv  hut  few  setjp  present,  and  they  are  never  disposed  on 
iHifciftl  parajKidia,  hut  always  in  simple  pits  in  the  integument,  by 
tlif  csells  of  which  they  are  secret©»l. 
TlMTe  are  small  tecondary  bristles 
*hicli  sei-ve  as  a  reser\'e.  Tlie  blood 
i*  iisiiaJly  reil,  as  in  tlie  Hiruditica. 

The  alimentary  canal  is  often  di\-ide(1 

uito  severtl   regions,  the   relations    of_ 

which    lire    most    complicjvU^l    in  the 

^'fttiljficidee.    In  Lumbricus,  the  buccal 

<*Hty  leedti  into  a  muscular  phan'nx, 

•iiich    is   probably    used    for   sucking. 

This  is  foUowetl  by  a,  long  (Esophagus 

®*teoding   to   the    13th    segment,  and 

"•tTiLshed  with  a  thick  layer  of  glandular 

**lLs  and  several  glandul:ir  dilated  ap- 

P^ndiiges  (calcareous  saoi).     Tlie  reso- 

P««i»giis     is    succeeded    by    a    crop,    a 

**>«l!iculnr   gizzard,  and    finally  by    the 

****-e<ttne  itself,  the  dorsal  wall  of  which 

^  pushed  inwards  so  as  to  form  a  longi- 

**»«iin;il  fold,  the  tijjMosoU  (comparable 

***    «  spiml   valve).       In  the  Llmlcolu', 

**■*©  alimentary  canal  is  simpler  by  the 

^'^aence    of    a     muscular    stomach ;    a 

Ptiftrynx  and  (esojihagus  are,  Iiowcver, 

•••■^•aj-s  present. 

lUproduction. — The   Olit/or/n'ia  me 

^♦•ruiaphrfKJite :    tliey    lay    their    ei;gs 

"•thcr  xingly  or  united  in  greater  num- 

**«!r  in    H  capsule  ;    and    they  develop     •'"»  ■*"'    i"-'"-""'  r«w;i..  (aOor 

^^lhout  a  met(unr.ir|)hoas.     The  testes 

••^J*!  irtTiries   are  {mired   and   placed   in 

'''-•iTiite  segments,  usually  near  the  an- 

• ;  I  rnd  of  the  iKwIy  ;  they  dehisce  their  prmlucts  into  the  body 
^•nty.  The  geneiiitivo  dturts  possess  funnel-shaped  o|)enings  into  the 
'■-It  cavity  thnjugh  which  the  gonei-ative  jwoduets  pass,  and  may 


fV,  riitpllii^.  ti.  Anterior  cnrt  of 
the  lioily  from  the  veutml  «i(lc,  e, 
liMiliitcd  MetK. 
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co-exist  In  the  aame  segment  with  wgmental  orgnne  {Lm 
In  the  «irth-wonn,  whose  genemtive  organs  wtre  first 
de.>«ril)ed  hy  E.  Mering,  the  feuiule  ajipiirat»i>  conj<ij.ts  of  twoonno 
in  the  13th  segment,*  and  two  oviduct*,  which  liegin  witli  tnuu)* 
shaped  openings  into  the  l>ody  cavity,  contain  seveiul  eggs  in«  iiil» 
lation  iind  ()j>en  to  the  exterior  on  either  side  on  the  ventnJ  soHk* 
of  the  14th  segment.  There  lu-e  in  addition  in  the  Uth  »nii  1'"^ 
segments  two  pairs  of  re<'epliiculii  seminis,  wliich  opennt  ths  junctwi 
of  the  9th  and  10th  and  lOtli  and  11th  segment  i-espectively.  TIkJ 
arefille<l  with  sperm  in  copulation  (tig.  310). 

The  mfljfgttii*! 
organs  coiuast  d 
two  pairs  of  trtto 
in  the  Imh  «»l 
11th  st^mmlN 
and  two  viisn  iMi- 
rentia,  ench  <i 
which  oiien!-  inW' 
nally  by  tvn  fun- 
nels and  to  ikf 
ex  tenor  in  I'l* 
15th  wttniai'- 
Copnltttion  t»li» 
phioe  iu  JnneiwJ 
July  on  thf  m» 
face  of  Ibe  mrtk 
at  night.  Tk' 
worms  «4>ply  tl*' 
vent  ml  surfnw" 
onOHnothi>r«nilli« 
in  oppMite  du-ectionB,  in  such  n  manner  that  tlie  openings  of  tlw  i»" 
ceptacula  seminis  of  one  worm  ai-e  o])iK>site  the  elitellus  of  the  oth«' 
During  copulation  sperm  Hows  out  from  the  openings  of  thpuwro 
duct  and  (Hisses  liackwards  iu  a  longitii<Unal  groove  to  the  cliti'lliW' 
and  thenw  into  the  receptaculum  seminis  of  the  other  wnmi.  I* 
Tubi/ex  and  Knc/ii/frotm  the  ovaries  may  break  up  int"  ^ 
ova  which  float  free  in  the  body  cavity.  Special  albuin. 
and  also  glands  which  secrete  the  substance  of  the  i^ell  ul  the  coM<n 
fti*  often    present.      In  the  breeding  season  the   alwve-mrutiinw 

•  Thv  hcn'l  (pru-stoniiiim  and  huecal  i-e^on)  lieiii»  itykonwl  »  I)*  Ri't 
SBj^cnt. 


Fio.  310.— OeiienitirB  nrmuu  (if  Inmirimt  In  Kctrmeiits  Vltt.  CO 
XV.  (lifter  K,  Herintt).  *".  Tttten  ;  St,  itie  two  ^u<llelll  oC  the 
VM  ilcfereiis  oii  pltber  aide  ;  !•',  viik  ilcrersnit;  Or,  civory  ;  0>l, 
oriduc! ;  Mc,  reocptnciiln  ftonuuiA. 
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Qe  or  clitellus  which  is  fonnfd  of  a  thick  gUmdular  layer,  is 
taost  alwHVs  pi-esent. 

The  eiiibnoaic  ilevelopnient  of  the  Olujocfi<H(i  presents  mauy 
^tioos  to  that  of  the  Ilirudinett.  The  unequal  segmentation,  which 
Viirv  uuch  alike  in  the  two  groups,  and  the  similarity  in  the 
«th(xl  of  origin  of  the  nie.-«xlerm,  fi"om  two  liirge  cells  near  the 
aslopore  at  the  pafterior  end  of  the  embryo,  point  t^oa  close  relation- 
lip  l«tween  these  two  groups  of  Annelids. 

A  few  OUinxJurttt,  as  for  eaample  ClnrlogaMer,  aiv  jwimsitic  on 
ijuatic  :inimHl>  ;  the  rest  of  them  live,  some  free  in  the  ejirth,  some 
1  fresh  water,  and  some  in  the  sea. 

Siili-order  1.  Teiricols.  01igochu?ta  which  live  princijwiUy  in 
he  eMrth.     They  have  scfimental  organs  in  the  geuitiil  segments. 

Ktm.  tambricidie.  I.argc  eiirtlnvorms  with  com|iai.-t  akin  and  rod  blood. 
Hlhuut  fve*.  Tiifta  oj  Tessels  iurrouiid  the  segmental  orgnns.  Their  nctiTity 
!■  I«riu3  into  the  earth  is  of  the  Kreatc«t  impnrtanre,  li>o>ieniiig  and  cxpofiing 
"«  soil  to  thi-  actiiiii  of  the  weather.  AunibricMn  L.,  Karthwoini.  I'mstoiniuni 
'stinci  fnim  tin'  mouth  siegmcnt.  The  clit«'lliu  inclmii-s  ii  wrics  of  segment^. 
"d  I'  «tiittted  nenrly  at  tlie  end  of  the  anterior  quarter  of  the  Ijoiiy/nr  Itrliintl 
''' gmiUil  fijjfniiuiii.  Seine  eliingnted.  h<x)lc-shn]ied.  oirmigeil  in  four  gn>u(is  in 
*eh  .vjjment,  each  groiip  contjiininj;  two  setje.  The  earthworm  lay*  its  eggs 
'  ea|j(,ul«,  into  each  of  wbiih  heveral  small  ova,  with  s[K:nn  from  the  feocp- 
iC'iilii  scrnini*.  are  emptied  ;  «h  a  rnle,  howi'ver.  only  one  or  but  a  few  embryo* 
*  develo|)c<l.  The  ilevelopin;;  embryo  takes  up  with  its  large  cilint«<l  mouth 
P*  only  the  common  msiu  of  albumen,  but  also  the  other  eggs.  L.  ai/riraiu 
f4bu.~trrrrJitru  I.in..  L.  firtUlu*  ^y.,  L,  itiairicanvi  K.  Pcrr.  Criiitrilut 
'•»»«M  Huffni. 


Saborder   2.  Limiools.     Oligochitta    which    live   |>i'iiicipilly    in 
Iter.     Without  segmenttil  organs  in  the  genital  segments. 

ram.  Phreoryotida.  Long  filiform  wonus.  with  thick  skin  and  two  rows  of 
ihtly  curvetl  Mt.iiin  each  Hide.  J'hrinryetni  MrukeaHW  HoSin.  Found  in 
•p  «priii.:s:inil  welK  ;  they  Hoem  to  feed  on  the  roots  of  plants, 
■'am.  Tnbi&eida.  .\<|ualic  worms,  provided  with  four  rows  of  simple  or 
i(le<l,  hooked  setx.-.  Hair-like  seliu  may  also  lie  present.  The  receptacula 
ill  the  yth.  lOtb.  or  lllh  segment.  They  live  in  mud  tubes,  from  which 
r  protrude  ihe  posterior  end  of  the  body.  Tubifrj-  livulnrHm  I.4un.  The 
tt  L»  in  the  7th,  the  ix^eeptacula  in  the  atU  segment.  T.  JloHHrti  Clap. 
^ri^  taririjatu  Motfm.)  The  heart  in  the  8th,  receptacula  in  the  lUth 
Bcnt  ;  Ixitli  «]teeies  live  in  fre«h  water.  JAmHoilrihiii  lynffiiirufrri  V\ap., 
ff  I'llekemitiHiiii  Clap.  Is  di.it iuguished  from  Tiihi/ix  by  the  presence  of 
-like  setw  in  the  upiicr  row  of  ^etie.  Liimhririilut  vuricgatut  0.  Fr.  Mlill. 
ry  fcg  ncnc  i*  provided  with  a  contractile  vascular  loop  aud  aaccutar 
iractUe  ap|icudngei  of  the  dorsal  ve»el. 

am.  JIaUa*.     Small   Limiii>l<r  with  delicate  thin  skin  and  clear,  hliaost 
nrlem.  blood.     The   pnestonnuni  is  often  elon;;nted  like  a   proboscin  and 
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fnBeU    with   llie   mnutb   segment     .V«i(*  (Stglaria')  f/robiitriJe*  0.  Ft-  " 


A'',  /mra'ita   Schm.    Both  spuoiv-<i  hare  filifonn  jinestumiani. 
ctrmwnUrit  O.  Fr.  MUU. 


(Wj*» 


SC 


Suli-cl<ti»  2. — Gephvbba.* 
H'oriiu  with  cylindrical  Ixxlij,  without  txtatHtl  trgmmtatiMV,  •'^'^J 
tennintd  or  ventral  moutit ;  ioitlt  cerebral  yangliinL,  rrmipiuitjtal  ' 
antl  vmtrtil  cvrtL     Sette  are  aoiiitliineit  pretrnt. 

The  flejihyrcit  potuess  an  eloiiffiited  cyliucliicjil  body  and  U\*e,  a* 
the  Ilithilhnria,  in  sand  and  (X)ze  in  the  sea.     The  cbamct«rs  wh 
diKtiiiguJsli  them  as  Annelids   are  the  pottsesaion  of  an  (psoph 
ring  connecU>d  with  a  cerehral  ganglion  and  of  n  ventral  i-mtl  |«»--* 

tially  surrotindetl    hy  gmnglii^^ 
cells.     The  larvw  of  the  f'A 
tijer«    prtisent    tiums   of 
mentation  (see  below,  p.  SSI 
whilo  in  the  Achtria  the  bi«l" 
cavity  t•emain^  oimple.    Of  i 
oryaii-t,    eye    spots    havp 
.^^^       ,,^^  observed ;      tliese     in     certii 

■'^^'"■'  ^*  Sipuneulidfr  lie   rlirectly 

the  hiiiin  ;  there  are  .ilsode 
papilla?,     inUi     whidi     im 
enter. 

Tlie  struct H re  of  the  int* 
ment  is  similar  to  th.it  of  tb* 
Anneliila;     the    thick    npp*^ 
cuticular     layer    rests  \>\mi   • 
oelltiliir  matrix,  and  is  urtt  iia- 
Pio.  »u.-YuuiiK  Etkimnu  frnm  tbe  vontnl  frequently  w-rinkled.     Then  i* 
«,te  (»fwr  HM-chrt)^  <-.  Mouth  «  ibe  (nu.  „„  external  segmentAtion.   TV 

isnn  i  ITA,  veiitnU  oonl :  ^,  luuti :  if,  bunk>.       connertrive    tlKnUO   <lcriui>   ii  >*     j 

considerable  thiclatesis  a«i<l  »" 
closes  numerous  glandular  tube«j,  which  open  to  the  exterior  hypt*" 
in  the  epidermis.  Below  this  iii  the  strongly  develo|)etl  dermal  musmltf 
tunic,  which  is  reguUirly  composed  of  an  outer  layer  of  cimilai'  fil** 

•  QnatrefitKes."  Meniiiire  tur  I'Kchiure."  .Ihii.  ilm  He.  .\'al..  3  .Ser..  Toa  TO 
Lacnrc-I'alhkTR,  "  Ili-cherchcs  siir  le  Honcllin,"  Ann.  itrt  Sf.  Xtt.,  IB*- 
W.  Kc'fcTNtcin.  ••  Beitriipe  iiir  niifttomiM'hen  unil  »y»li'ninli»chpn  Kcnatnto^ 
Sii)inic\ih(lfn,"  Zritm-hr  fiir  irin*.  Ziiliigir.  Tom  XV.,  IKfiS.  £t.  H»l«l*t 
"  IVbcr  Kntwickc'liini,'sj:('si-hioli(c  dps  Iv-hiuruf,"  etc.  Wicii  '--  ■  '  *• 
S|ieiip.'l."Hiilrii(.'«"  »-'ii' Kifniitniss  iler  fiepliyrifii.    I.  M^ttht  •  ■'*■ 

tuekrn  fliitttiii  :n  ymjul.  1M7!) ;    II.  Zrilnrhr.  fur  iritx.  j!,hiI,.  "i- 
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W  an  inner  layer  of  longitiidinjil  fibres.  The  liitter  are  connected 
"'  t  lie  former  an  J  also  amongst  themselves  by  net-like  anastomoses. 
6*e  dermul  miLst^les  cause  the  folds  of  the  cuticle.  Internally  to 
iongitudinal  muscles  tliei-e  i»  another  layer  of  circular  muscles. 
t-lie  C/itvti/era  two  hooked  setie  are  present  near  the  genital 
•*-ng  (tig.  -Ill);  these  assist  loionioti'in.  Ther«>  may  also  be 
&»»t  one  or  two 


I 


*4  of  setBj  at  the 
ar-ior  end  of  the 
^    ^Echiiirus). 
^      the  Chaiifera 

^11),  the  ante- 

fiau-t  of  the  body 

C»«agated  to  form 

t*«.l  of  proboscis, 

^^t>   projects  im- 

kkbly    and    cor- 

*»»ids      to      the 

^»-ul   lolje   (prse- 

pium)    of     the 

^•«^^/a.      The 

^tli     Ls      placed 

tl-ully      at      the 

of  the  probos- 

In  the  Acfiitta 

t*^iticalul<e)     this 

••Hwcia    is    want- 

S  \  the  mouth  is 

'»ced    at    the    ex- 

■^mity  of  the  an- 

srior  region  of  the 

"i«iy,  which  is  s\ir- 

iiuiide<l    with    cili- 

ted    tentacJew    and    ''"■  sis.— A>««c"'"»  trndi;  laid  oyivn  fnui  the  siilc  (ntur  W. 
Kpfcralein).     Tt,  Tentiiclen ;  O,  cerebral  fo^nglidu  ;    I'O,  von- 

Lbe  retnicted  by       i^  uena  cord  j   D.   lutc.tinp ;   A,  luina  ;  BD  brown  raljM 
IS   of    reti-uctor       (ventral  shui.t,). 
n.*le8(fig.  312). 

Alimentary  canal.-  -The  mouth  opens  into  a  pharjmx,  which  is 
wetinie.-  furnished  with  teeth  ;  this  is  follnwwl  by  a  ciliate<l  iuteg- 
lal  canal,  which  in  u.sually  longer  tliiiii  the  body  and  dis|x>sed  in 
ill  the  lx)dy  cavity.     'Hie  tenninnl  portion  of  the  intestine  is 
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BWcokLT  «nd  opetu  to  tlie  exteiior  by  «  terminal  or  dotsally  pUivd   I 
•BUS  (fi^.  Mi).  I 

Tbr  Tatcnlar  ijstAoi  ii>  probably  in  communictition  «it}|  the  hoij  I 
oKTitr:  it  consists  of  a  dorsiil  vessel,  which,  nii  in  the  .liirx/iW*.  I 
•ocompanies  tlte  olimentsirv-  canal,  itnd  of  a  ventral  ve^-tiel  rtumiof  | 
•loii|>  tk«  body  wall.  Tlkere  are  also  branches  on  the  alinieutary  cntud  I 
aad  IB  the  t«it«e>et.  The  blood  i^  either  oolourless  or  ml,  nnd  n?  < ' 
in  tlM  MBie diraetioii  as  in  the  Annelids,  the  current  being  utain(iL::i!  i  , 
both  by  tbe  oootmctiou  of  certain  parts  of  the  vevsel^  and  by  tlw  I 
cilia  whieb  line  the  walls  of  the  vessels.  The  corjiiisciilnteil  flnirl  of  i 
tbe  body  cavity  differs  from  this  viux-nbu'  bloo<L 

Excretory  <n'gaiu. — There  are  two  sets  of  organs,  both  of  whirh 
may  be  interpreted  as  s^i^niental  orgtms.  ()ue  kiiul,  the  tnml  rtttdv 
(fig.  31 4r,  J  A),  are  only  preiseut  in  the  ChutiJ'rra  ;  they  have  tie  forni 
of  a  pair  of  tuft«d  tnbeis.  which  open,  on  tbe  oni>  hand,  into  tli« 
body  oivity  by  nnmeroos  ciliate<l  funnels  and,  on  the  other,  info  the 
rectum.  The  other  kind,  known  us  the  broim  Iii/mt^  ^tig.  313,  tUl) 
or  ventnil  glands,  are  placed  (one  or  more  pairs)  in  the  anterior  put 
of  the  Ixxly  :  they  also  open  into  the  body  cavity  by  tt  ciliat-ed  funuH, 
and  to  the  exterior  on  the  veutnkl  surfiice.  Tlie  latter,  like  the  sh!- 
niental  oi-ganx  of  Annelidas  assume  the  function  of  seminal  vesicles 
and  of  o^-iducts. 

Generative  org^s.  -The  Grjt/tyrta  are  of  separate  sexes.  Tbrre 
aiv,  however,  remarkable  vatiation-s  both  in  the  generativt?  gl.tiiH*^ 
and  their  ducts.  In  I'/mtcoloauma  amongst  tlie  Aclutia  (uoconiin^^ 
to  Theel)  the  generative  glands  lie  at  the  root  of  the  ventral  rrtntftor 
muscles  of  the  pi-oboscLs,  nud  form  a  ridge  from  which  the  g«ieraiiv» 
pi-oducts  are  set  free.  Spermatosoa  or  ov«  in  various  sliigi*  ii 
development  are  found  in  the  body  cavity,  and  thence  are  carrioi  U> 
the  exterior  through  the  two  brown  tnbes  (segmental  organs)  wkitfc 
opeu  on  the  ventral  side.  i 

In  Bonellia  among  the  C/urtij'era  the  ovary,  which  liiis  Uie  forni  "^fl 
a  thin  cord  (fold  of  the  IkhIv  wall)  in  the  posterior  half  of  the  Wv,  T 
is  attached  l>y  a  short  me»*entery  to  tlie  iiene  coi-d.  Fj-oui  the  orafj 
the  ov»  fall  into  the  lioily  mvity,  and  thenoe  pats  into  thv  ii«i;l>- 
boiiring  single  uterus  (tig.  314,  A,  U),  which  is  pi-ovidcd  at  its  •«* 
with  a  tnuiijiot -shaped  o])eiiing  (Tr)  luid  ojieu.»  to  the  exteriw '«" 
the  ventnil  surface  l»eliind  the  mouth.  This  iitetrus  ought  pn)'a''l' 
to  lie  coi)siilere<l  juoiphologicjilly  us  a  segmental  organ,  wliicli  li" 
onlv  l>eeii  devel<)jM?<l  oji  one  .>ide.  The  generative  orgnuii  i>l  ''"' 
^piail  Tiu-lielliuian-like  umlex  which  are  met  with  in  th 
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the  female  of  RiinrUui  liiive  tlie  simie  i-elatioiis  (fi^.  313).  These 
rudimentary  miile.s  ai-e  furnished  (in  uiiiny  species)  with  two  venti-al 
hooks,  in  front  of  wliieh  in  the  iLnterior  i-egiou  is  phiced  the  external 

^■toeniug  of  the  van  deferens.     Tlie  viis  deferens  oorresix)nds  to  the 

^Kiems  of  the  female,  and  is  in  like  manner  provided  ^\-ith  an  internal 
opening  into  the  botly  cavity.  In  KcJiinnu  there  are  two  pains  of 
brown  tubes,   which    fiinctinn   us   jfenei-ative  ducts  and    reservoirs. 

'  In  T/iidtowrnui  there  are,  iiceonling  to  Kowalevski,  thi-ee  pjiirs  of 
.such  tubes. 

Tlie  development  shows  nuiny  jwints  of 
similarity  with  that  of  the  Annnluln.  Be- 
tween the  Aduttn  and  Ch<H'iftra,  however, 
jkbei^  are  considemhle  differences.  In  lioth 
i  a  metjimui-jthosis  follows  the  embryonic 
development.      The  larva;  resemble   Loven's 

'      larva    (lar\'a    of    Polyj^jj-dius) ;    but    in    the 

'  Achirtn  they  ai-e  characterLsod  by  a  great  de- 
generation of  the  apical  re^'ion  (pi-seoiul  lobe) 

|^_aD<i  the  absence  of  a  prieoral  bind  of  cilia, 

^H    The   remai-kable  larva  known    as  Actino- 

'      troclia,    which    Is    the    yoiiiij;   stage    of    the 

i      liibicolou.s  genus  Plmrvnix,*  is  distinguished 

I     by  the  (jo.ssession  of  a  contractile  pneonil  lobe, 

I     behind  which  there  Ls  a  cii-cle  of  ciliated  ten- 

LitAcleis  formuig  a  coUar. 

^H   The  Gephi/rea  are  all  marine.      Some   of 

^^hem  live  in  sand  and  ooze  at  considemhle 
dejiths,  also  in  holes  in  the  i-oclcs  iind  in 
creviotis  lietween  stnnes  and  coi-als,  iind  in 
the  shells  of  snails.  Their  food  is  similur  to 
tlmt  of  Holothurians  and  many  tubicolmis 
Annelida. 


^ 


OrfUr  1. — CH.finFERA  =    ^IlILRUIDEA. 


PiQ.  aiS.  — Plonnriiin-like 
lunle  of  Bi—'ll'xi  (lifter 
Spcnffol).  D.  IntOHTine; 
irr,  cilinteil  funnel  nt  the 
vas  ileforaus  (!'</).  irliich 
i*  nUed  witb  ipcnu. 


Gephi/rmi  eli(ir<tct«rised  htj  the  presence  of  (too  strrtnij  hooketl  selas 
Oft  t/u  ventral  si'U  and  hij  a  teriuhm/  anus.  The  iitouth  is  placed  at 
the  bate  of  Uie  prtfortd  lobe,  which  w  developed  into  a  prohoiei*. 

The  Kchiuroidea  or  chaitiferous  (iephijrea  present  no  external 
■egtnentiUioQ  of  their  eloug»ite<l  and  contractile  bo<ly ;  they  have, 
however,  in  the  young  state  the  rudiments  of  15  metameres.  This 
•  There  should  be  a  third  order  of  Gfphi/rea  for  tliese  animals. 


Ainn!i,n>A. 


fat't,  Hs  well  as  the  formation  of  the  [(rjeonil  lobe  iiml  the  develop- 
ment  of  the  ventntl  hooked  f*tie,  points  to  n  clone  ivUitionship  with 
the  Chatopoda.  In  the  adult  aninwl,  however,  tlie  intemftl  segmen- 
tation Ls  very  little  marked.  Tlie  disMepinients,  with  the  exception 
of  the  first,  which  forms  a  partition  lietween  the  head  and  the  bcnly. 
are  lost,  and  the  segmentation  of  the  ventral  conl  is  only  indicatwl 
by  the  distribution  of  the  nerves.  The  siipm-otBrfiphageal  gimgliou 
remains  at  the  apiod  i-egion  of  the  pneond  lol>e  (pi-obosci.s) :  hence 
the  (esophageal  commiftsures  are  extraorflinarily  long. 

The    strongly    develo^>ed    piteoi-al    lobe    forms    a    proboscis  like 


Kio.  3U.— <i,  feniHlc  of  BonrlHi  ^i.^.^i.  (nftcr  Lncimc-PnlhlCTii).  »,  InieiruiMTH  uiil  «m.«c»- 
tireiim  itftcr  the  iiUMtino  baii  Iweu  rcinuvi-il.    S<t,  Ciilnneou*  icUiuil*  :  M.  •«•»  ti-*' 
Ad,  rectam  ;  '>v.  ovrtt  :  Tr,  cillmcl  funnel  of  the  ulera»(n.     ».  AuBKiaj  of  * 
»>rt</i»  («f lor  I,(<ciiXf-D\itliUT.- ).    /),  •lioieritnrjr  cannl  wtth  *niil  vcrtclw  {M) :  M,  ■ 
tcrj- ;  V,  utcra> ;  B,  probi>»d». 

appendage  which  may  develop  to  a  consideniVjle  I'lM/fb   ,.n.l  ti. 
forked  {/ionflll")  (Kg.  314  a). 

A  imir  of  hooked  setie  (with  re.sene  seta-  in  the  ^liuilli  of 
seta)  are   always  present    on    the  first    segment  of   the  body,  ___ 

Kc/tinnu  there  ai-o  also  one  or  two  circles  of  set«f  at  the  po4«J  ■  ^'^  ' 
end   of  the  bo<ly.     Thei-e  are  from  one  to  three  p«ir»  of  anf*^^^"'''^ 
segmental  organs  (so-called  bi-own  tidies  or  ventral  gUndii),  m' *^ 
ojien  on  the  veiiti-al  sxiiface  and  are  tisetl  for  the  pneiag*  otil*"^  ^* 
of  the  genenitive  proihicts.     Besides  these  there  is  nlao  m  far 
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enor    segTueutal    or^'iins    (nmil    vesioles,    Hfr.    314,    ^16)    in    the 
ermiual    .segment,    ejicL    of    which    htis    a    number   of    (lentoneiil 
innels  and  opens   into   the   rectum.     In   JionoUia  the  segmentiU 
l>rga.n  whicli    itei-forms  thf  function  of   utems  is,  like  the   oviirv, 
agle(Hg.  314  h). 

Development. — The    Jevelopment  of    tlie    ovum   begins   with    an 

■  uutvjual  strgnientution.     In    Bunellia  the  small   cells  of   the  animal 

[>le  gi-ow  round  the  four  lai-ge  yolk  spher&s,  which  give  rise  to  the 

entoderm,  leaving  a  small  aperture,  the  lila,stopore  (fig.    110).     The 

"icltiurus  lar^•a'  (tig.   315)    are  the  most  accunitely   knovm.     They 

present  tl>e  type  of  Lovin's  larva  and  po.s8&s.s  a  strongly  ileveloped 


S?-. 


f 


rPm 


L Fto.  S16.— tf,  Ijin'n  of  EekiurHt  frum  the  vontml  side  (after  HaUchek).    SJ',  apical  plate; 

^^H  Prv,  iinruriU  circle  rjf  cilia:  i'or,  itoHUirol  circle  of  cilia ;  A'm,  hnul-kidnojr ;  Ti^,  ventral 
^^H  mTiffliniiic  cord  comtecleil  with  the  apical  pluto  by  the  Iuok^  (tKi^pba^eAl  commiaRnres  ; 
^^H  AS,  R&at  vesicle,  b,  Ventmt  ngii>u  of  the  Eekiurnt  Inrva  with  w^rmout^d  meaudcrmal 
^^H        liaiitltf :  Si-\  a'flupliaKonl  cnmiutM^iire ;  Dtp,  diHsepimoutH  of  the  anterior  biMly  segment* ; 

1  "•"■■""" 

I       pr 


I        aeJ 
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iraonil   circle  of  cilia  (Prw'),  in   addition   to  which   there  is  also  a 

delicate  past-onil  circle  of  ciliji  (/*(>«').     EiU'ly  iti   larval   life  a  .seg- 

ent>d  organ,  the  head  kidney  or  prouephros  (A'.V),  is  develojied, 

;e  on  eitlier  side;  and  behind  it  a  pair  of  mesobliusiic  bands  makes 

Hppeiirance  ami  givej*  rise  in  the  Bubsequent  ilevelopmeut  to  the 

rudiments  of   15  segments  (tig.  3l.i  b).     In  the  terminal  segment, 

whicli    i-  «nrivinnded»JiUU*   circle  of  cilia,   there  apjiear  segment 
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orgitiis,  wliich  give  rise  to  tlie  aiial  ve.sii"les  (fig.  3lr>  «,  AS).  Tb 
I'Utliiuents  both  of  the  cerebiul  gunglion  luiil  of  th*"  ventinl  conlw 
ilerive<l  from  growtlus  of  the  ectoderm, — the  former  frum  the  >{ui 
pliitf,  the  latt*r  as  ft  painvl  thiokeuing  of  the  ventral  tKCtodwin.  1^ 
two  lu-e  connected  by  the  avsophiigeuJ  ring,  which  is  iJmi  pnimlw 
u-ith  ganglion  cellg.  lu  uhler  stugtts,  aft«?r  the  disappennuirv  of  ^ 
segment*,  tlie  ciliary  apparatii:^  begins  to  ilegenenite  iiiiJ  finnHy 
vanishes ;  after  uliich  two  gti"ong  hooked  5«t«'  make  tJieir  »Y\«it- 
nnce  at  the  siiles  of  the  nerve  conl  not  f»r  froui  the  moutli,  nA 

two  cii-cles  of  nhoi-ter  >set«'  are  f '»rnit«l »' 
the  liind  end  of  the  IkxJv  (tig.  •11'i)- 
The  pneond  lobe  of  tlie  lan^a  Iwrtw* 
the  i>njbo«ci»  of  the  voting  JSchiunu iit' 
311). 

Kam.  Eehiondc  The  anterior  enl  d  tbt 
InkIy  .al>ove  tlic  iiumtb  i%  eloncalcd  intu  •  pn* 
bcwrU,  the  nnilrr  surface  iif  which  wpTwiTnl.  Bf 
liiiig  lesopha^tiil  i'iiiiiiui<«urr*  lie  in  Uw  l"'' 
boflcis.  auil  meet  in  front  witbuat  uiv  erJilni 
onlarjiemcnt.  Autcriorly  ttn<l  on  Otv  ventm) •»( 
an-  twi)  selfB  f^r  nllachmeiit,  ami  on  lb«  («<'" 
rltir  end  of  iJic  IkhIv  there  arc  ■Mimetinn*  cirelo 
■if  «ctir.  'Itie  anni>  is  teruiiiial.  »Ai«f«»  ft'" 
liitii  Ourrin  ((JiirrtHeri  (jtwtrvl.,  W.  V»»i!) 
coast  of  Keltfliiin  and  KnglnitiL  Tic'**'*' 
giffiit  M.  Mill!..  Italian  Ciiwt.  Jl.tflliii  "'••" 
Holaiiilii.  Modilcrraucan.  Tlic  mali"  »""  ""•■ 
and  rudimentary,  and  r\-«*'tnlilc  I'lmuimi' 
They  live  in  the  effeieut  duct*  of  tbr  f'""'' 
generative  organs. 

Ordrr    2.— AciCCTA=SlPC!fCUWII«*- 


frijJiipv.a  niith  term  hull  moutfi,  i/or«<'"j 
pl(ieeil  imim,  mid  inil/nml  urier.  Tkr  a*l' 
rior  rtijion  of  th«  liixlif  {■»  ref rnc/i/e. 

The  SipuHculoulm  differ  frxwo  thf 
cJwtiferous  (iephyrfii  in  their  entire  *'»"* 
of  all  ti-aces  of  nietiimeric  segiuetitnlinf, 
in  the  degeneration  of  the  pnwinO  W* 
and  in  the  i>ositiou  of  the  uiouth  andw-'' 
The  elongateil  liody  is  de.>ititiit.e  of  a  piiijectiug  pneond  lolie,  «d  tl"*' 
the  nioutli,  which  is  frequently  surrounded  by  a  circle  of  tentafl'S 
cona«  to  be  placed  ut  the  anterior  end  of  the  body.  On  the  oOiff 
hand,  the  anus  ia  move<I  far  forward  on  the  dorKul  surface  (fig.  SlH 


Fio  .lis.— t>Mcr  KfkimrHa  birvA 
fteen  fmm  the  sule.  The  Lout 
kirtnejr  i«  alropbiod.  O. 
mouth .,  a,  nUmmvh ;  A,  mm* ; 
BI,  circlcc  of  Mtv ;  .^C,  ctno- 
pbageal  cnmmiftsnre ;  AS, 
anal  retloleh ;  O,  crmbrnl 
ganjrUoD.  devrlopeil  from  the 
■piosl  plate;  IV,  votiinil 
nsrre  oord  i  H,  rentral  Iiooln. 
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il  giiDglion,  (£sopIingeal  ring  and  ventml  rord  run  inside 
kiniujcular  tunii-.  Only  one  pair  of  segmental  iirgnns, 
Hirown  tubes  or  ventral  glands, 
BThe  blood  vasculnr  system   is 

nent.— The  segmentntion  is  poni- 

i(=  followed  l)v  the  fornmtinn  of  a 

E   invagination.      The    blivatojiore 

Bbntml  side.     Tlie  two  posterior 

•ells*  of  the   ent(nlern)    move   in- 

rimitive  mesoderm  t-ells,  and  give 
inetoblaiitic  bands  which  do  not 

gnientatioii.    Invaginations  of  the 

^the  aniuml  pole  and  ventral  sur- 
face of 
the  em- 
bryo give 
rise  to 
c  e  p  h  a- 
lic  and 
ventral 
plates 
respec- 
t i  ve ly, 
while  the 
remaiii- 
iler  o  f 
the  eeto- 
d  e  r  III 
cells 

gn)W  round  these  and  form  an 
exteruid  envelope  for  the  embryo 
of  the  miture  of  a  sercais  mem- 
brane (sei-osa ).  t'ilia  project  from 
the  latter  tinxaigh  the  pores  of 

K"^  the  vitelline  meuibmne  and  are 

of  Si^iumniifu  inftcr  H»t8.   empIoye<l     Viy     the     emluyo     in 
; -V.  iiplcal  plule;  .<,  nniu;  .       '.  ' 

ti  oirc-le  or  cill»i  -v.  kidney.  SWlIlimUlg. 

tThe  cephalic  and  ventral  plates 
The  mesodermal  biuids  split  into  somatic  and 


Fio.  317.— Quite  yowng  St- 
jihhcvIh*  Mill  wiUioat  H»n- 
u«:lc»(iifter  K.  Hfttftchelc). 
O.  mouth;  A,  miuN;  BS^ 
veninU  conl ;  N,  nephri- 
iltitm    (browrxi    tube)  ;    O, 

blood  Te«»el. 


•  Compare  espccjally  B.  Hnt*uhek. 
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Kplimchnic  layers,  and  give  rise  to  the  rudiiuents  of  the  twt>  «f  ! 
nienttil  organs  ;  while  the  uemphugue  arisen  <is  an  invkgiutiim  i  ' 
the  ectciili?rin,  and  a  postonil  t-iix'le  of  cilia  is  formed  nrouiidi*  1 
ojiening  (fig.  318).  Tlie  serous  memhrane  is  cast  off  with  the  if 
niembnuie.  and  the  lai-va  then  contnins  all  the  essential  orgutfi' 
the  adult  .Sipnuciiliin  except  the  ventml  cord  and  the  blool-vewl'^ 
At  a  Liter  stage,  during  the  growth  of  the  larva,  the  veutwl  vd 
is  develope<l  f«x)m  the  ectoderm,  the  circle  of  cilia  disappears,  thtb* 
tentitcle-s  sprout  out  ut  the  etlge  of  the  mouth,  and  the  mcunwi 
phusis  of  the  fi-ee-swimming  lar\-a  into  the  creeping  young  A'i/m 
cuhis  is  completed. 

Kam.  SipononUda.  B'^dv  Rjfin?«ic'l  and  cylindrinftl.  the  niilennr  \m:  "• 
tmcfilf.  The  mouth  is  ■(iirmuiiilcl  with  tenta'.'les,  and  ihc  antu  \<  donal.  TVt 
iiitc<tiiic  ii.  coiled  spimlly.  SijiMiiriiiut  hhiIiih  \...  Meililerrancin.  P\*utlnnt 
Irrre  Kef.,  Mediterranean.     Pli.  ihnfjntuiit  Kef.  St.  Vnast. 

Kam.  Friapalida.  .\iitcrior  part  of  the  Nidy  withmit  rirclo  \i  lenUd« 
Pliaryui  iiruiB  i  with  impilliB  nnd  row»  of  teeth.  Alius  at  the  posterior «mt  ""I 
the  IxkIv  ami  *lightl.v  rioi>al.  iib<jvc  it  theiv  ii-mnlly  project)"  n  raiiiUl  ni'P"'' 
dnife  which  l>is>r>  |iapilla-like  tubes  (brarichiw).  The  intestine  it  »tTii;M 
PriupMluM  i-iiudiitHt  O.  Fr.  MuUer,  Unlinrj/jitm  tpiiiuUumt  r.  SieK,  Bolts, 
Spitubertfen. 


Sub-claas  3.-  -IiiRUDixiiA*  =  Di.scopnoaA,  Leecues. 

Body  «ilJi«r  imtJi  ahotl  riiu/e  or  not  rimjed,  ttnUutut  pnvapodia,  fi'l 
terminal  ventrtil  tucker,  /lennuphroditt. 

Tlie  l)ody  of  the  Hirutlin>^i,  so  far  as  its  external  form  is  am- 
cerneil,  reciiUs  tliat  of  the  Trenuitoda,  with  which  protip  tlif  niniHiiiM 
have  often  been  incorrectly  connected. 

Externally  the  body  is  marked  by  a  luiuiber  ut  iniu-.vei-M-  rin^ 
which  are  short  and  may  l>e  more  or  ie-ss  indistinct  or  even  eutirulf  , 
alisent.  These  rings  correspond  in  no  way  with  the  mterual  ^*gmrot^  j 
which  are  separateil  by  transverse  partition«  or  dissepiments;  bull 
they  constitute  much  shorter  portion.-*  of  the  IxhIv,  four  or  five  of  tbral 
corre.-<potiding  to  one  internal  segment.  The  large  sucker  "'  't* 
posterior  end  of  the  Ixxiy  serves  as  an  organ  of  adhesion :  ami  tl"'" 
may  be  in  addition  a  second  smaller  sucker,  either  in  front  nf 

•  Bntiiilt  and  Ualreliiirp.  "  Medieinische  Zooloyio."  ISjy.     Mtxitiin-lwiO 
'•  Monopraphie  de  In   f.^lnilll•  des    Hinidinte*,"  2iid.   rnlit..   I'aris.  IS  " 
Leyilisr.  '•Ziir  Aimtumiv  voii  Hscicola  ffeimietrica."  Zrit*i-hr.  far  fri^ 
T.,  1S4!).     H.  Knthkc.  "  HeitrSfre  lur  Knt\\-ickeliinj.'.s|re«i"hictite  dr-»  Hir 
c<liteii  by  K.  I.Piiokart,  Leipsiit;.  1802.     R.  I.eucknrt,  -  I'.i 
IM.  1.,  l.eipxii;,  ISiiH.   Van  Bcuedenet  He.«.*i'.  "  Rochen- 
HiriidiiK^i*  ef  les  Tii^raatoileKmnrin?."  1803.  Rnbin.  "  M<iti..iit  -ht  w  j. 
inciil  cinbryivi'-iiiipie  dc-s  Hirudim-en."  Paris,  187.i. 


HIHUDnfEA. 

e  mouth.     There  are  no  piirapo*1ia  ;  and  setft-,  with  a 
iij-e  absent.     A  .shiiiply  iJistinct 
ir  developed,  since  the  tir.st  rinfts  'ire 
illy  iliftereiit    fiimi    tlii>.se    folkiwiuf; 
er  furnished  with  t«utaclas  or  cirri.  gjf 

ry  canal. — The  month  it*  sitiiated 
nterior  eud  of  the  body,  soinetiines 
item  of  a  small  anterior  .sucker 
dlidas),  sometimes  at  the  base  of  a 
[Hxm-sluipeil  liooil,  which  i-eseiiibles 
a  nntlioMflluhf)  (Hg.  31iJ).  The 
i  into  a  muscular  pharynx  pro\'ided 
.  The  anterior  jmrt  of  the  pharynx, 
be    distinguisheil    as    the    liucoal 

■  cavi  ty ,  is  armed 
.  .^^flltat  ( '^  " " '  ^'  f'^'^'^f^'- 
I  ^^^^Bm'-  ''"')  ^''^^  three 
I     ^^^Biai       -serrated    chiti- 

■  ^^ISr  nuuK  plates  (fig. 

I  ^BJ^^'  ^1^-    ">   '')•  o>° 

B  ^^^^^f  more      rarely 

H  iflV  mth    a    dorsal 

"  und     ventral 

\  "  plate  {lirauclix- 

ib^ic    reKioi,    of    the        o/^/,y;^^)_       „,. 

it    is    pi'o\nded 

with  a  protni- 
■is,  which  hes  f  i-ee  in  its  anterior  part 
'Jluftr).  Tlie  pliarynx  leads  into  a 
:iicli  fiirujs  11  straight  tube  in  the 
'  bixly  and  sometimes  shows  con- 
hich  eon*espond  witii  the  segments; 
1  is  pi-oduced  into  a  liirger  or  .'sraiiller 
lateral  tiec-.'i.  From  the  stomach  n 
a,  which  is  sometimes  also  provided 
aids  to  the  anus.  The  an>is  is  pliioeil 
rior  pole  of  the  body,  doi-ssil  to  the 

T)rgan8.- -Segmental  organs  sue  pre- 
lir  to  each  segment  in  the  middle 
le   body.     Tlieir   miuilx-r,    however. 


tlie  reffion  of  the 
leb.  Tlip  three  juvn  arc 
De  of  tbo  JHWS  UoUletl 
r  ««jtnae<l  free  edge. 


Kio.  3311.— Ixini;ltudina 
iteciion  tlirouffh  lite 
MiMlidnnl  |jC«ob  (after 
R.  Leuolcart).  D,  in- 
leatiiiut  cAiuil ;  G, 
cerebml  (roiifzllon ; 
Gk,  KHntflionic  chain ; 
Es,  excretory  canal* 
or  iiofnnent&l  orgaaa 
(YTftter  viu«cular  «,Tii- 
tein). 
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varies  very  considi'TObly,  sinc«,  for  iiwtance,  BraiwJticlxhUii  '««««v 
piinisitie  on  tlif  gills  of  the  cniy-fish,  has  but  two  inutn  while  tlv 
GiiatliolnlfUidtr  usiiiilly  jwissess  seventeen  piirs. 

Unicellular  f;hind8  are  jn-eiient  in  the  Ilinulineii  in  grewt  naml«« 
in  the  skin  unii  in  the  deejier  layers  of  the  ctiDuective  tisMie.    T\* 
former  secrete  n  finely  giiinuhir  uiticous  fluid,  which  covers  the  ddu, 
while  the  luoi-e  deeply  situnted  glitnds,  w liioh  lie  beneath  the  Jr-- 
iuuhcuIhi-   tunic,   seci'ete  u    cIchi-   vi>vciJ   substance,    which  (junij; 

hanlenis  outside  the  body  and  is  urW 
t<i  form  the  cocoons  when  the  egp 
are  laid.  These  gliinds  iin*  ir{* 
ciHlly  numerous  in  the  region  of  thr 
genitiil  oj>eiiings. 

A  blood- vascular  system  is  iJirarp 
pi-esent,  but  in  different  degn**  li 
development.  Portions  of  the  t«ly 
ivivity  lire  tninsforuied  into  vtw*! 
like  trunkit,  and  na  i\  rwult  of  llli> 
orjjpins  which  lie  in  the  Itody  oiviry 
>wni  to  he  enclosed  in  blcKnl  sintt««* 
The  two  lateral  ve.ssels  and  the  tat- 
dian  blood  Kin\is,  wliich  alwais  w- 
cl(ise.s  the  ventnil  gHUglionie  cImuu 
uud  sometimes  also  the  nliuirnt»n 
ciUiiil  (f'Irpgine,  Pi^icicola),  m»J  I" 
iiitfi-preietl  in  this  manner.  In 
most  of  the  GiKttlirilKUUul<r  the  W"*' 
is  red,  the  colour  being  ilue  to  tif 
tluid  part  of  the  blooc]  and  not  !•' 
the  corpuscles. 

•Si>eciiil  respiratory  organs  i" 
wanting,  excepting  in  /imnchlli'i* 
and  some  allied  leeches,  which  p» 
sess  leaf-like  bi-am-lual  up^wndiigRt- 
The  nervous  system*  in  tU 
cases  is  highly  develojied.  TV 
cerebral  ganglia  are  ch&rnct^rizei^l  by  a  jieculiar  animgeiufnl  i" 
the  nei-ve  cells  which  give  rise  to  swellings  on  the  Kurfnco  of  tk« 
ganglia  (deacribeil  liy  Leydig  as  a  follicular  arrang«<raent)  (fig.  Mli 

*  Hpiinniin.  ••  Das  Centralucrvensystcm  voii  Ilirndu  nintiriM  li,  "  Munrfira 
1875. 


i 


Fill.  321.— Aiit*rior  mil  nr  JlirKrfi.  lufusr 
Leyil'tf).  «.  Oon-brftl  ir<>i>i'H"o  witli 
ftUticPHophnf^iMtl  f^an^lloiitc  iiiiMU  ;  Sf^ 
tymfialhinic ;  A,  eyr* ;  5'>,  MTiao 
orKHO*. 
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Tlii.-   !>  ulsu  the  cuse  with   tlie  giinglia   of  the  veutnil   eord,  aud 

cispecLillv  wTth  the  sub-fEsojjhiigeal  gnnglia,  oji  wljich  there  are  often 

four  longitudinal  series  of  such  ganglionic  swellings,  two  median 

ami     ventral,    and     two     latenil     ]>rojecting     dorsidly.       The    two 

loii;iritudinnl  trunks  of  the  ventj'al  ganglionic  chain  ni"e  invariably 

cl*>!<e]y    appi-ciched    to    cue    another    in    the    middle    line,    and 

their  ganglia  are  counecteil  together  in  pjiii-s  by  tmusvei-se  com 

nii><sure8.     In  the  Gnal/iolxUlli(/<r  two  nL'r\'e  tninlw  ai«  given  ott'  to 

thti  light  and  left  from  e;ich  pair  of  ganglia,  while  from  the  brain 

and  the  last  ganglion,  which  may  lie  «dled  the  caudal  ganglion  and 

is  formed  of  ct>vei-al  ganglia  fused  together,  a  uiueli  gi'csiter  numt>er 

of  nei'ves  pa.vs  oH'.     The  nerve,s  passing  otl'  from 

tlie  bi'ain  supply  the  sense  organs  aud  the  unus- 

cle6    and   skin   of    the  cephalic   dis(.>   (anterior 

sucker):    the  nerves   of  the  ventral    chain   are 

distributed  in  their  proper  segments,  aud  those 

the  terminal   ganglion   supply    the   ventral 

ucker.     An  unpaii-ed   median   longitudinal  ^•^n•^\ 

wFaivre,    Ijeydig),   which    pusses  from  ganglion 

ganglion  lietween  the  two  luilves  of  the  ven. 

ItJiil   cord,    most    probably   con'esponds    to    the 

Itiupaired    nerve  which    Newport    discovere<l    in 

inoects.      A  tynlism  of  riwxt'til  nerves  wb."<  dis- 

jvered  by  Brandt.     It  consists  of  an  intiv*timil 

Bwv^e,  which    aiises    from   the    brain    ami    runs 

Jose    to   and   above    the   ganglionic    chain   and 

»Dds  branches   to  supply  the  cax'n   of   the    iii- 

tine.     Three  ganglia,  which  in  the  common 

leech    lie  in  front  of  the  bniin  and  send  tlieir 

nerve  plexuses  to  the   jaws  aud    pharyiLX,  are 

isidered  by  Leydig  as  enlargements  of  cere- 

brjil   nerves  and  very   likely  cimtiiil    the  luove- 

meuts  which  occur  in  swallowing. 

Almost  all  leeches  passess  simple  e3'es  on  the 
t\  siH-fai-e  of  the  anterior  ring.  In  addition  there  ai'e  cup-shn])ed 
IS  (in  /firiiilo  in^i/ic!iui/i»  about  sixty)  on  the  i-ephalic  rings. 
pTtieM)  probably  give  rise  to  a  sense  jwrception  comparable  to  the 
'  f»'na»ition  of  taste. 

Generative  organs. — Tl>e  Hirtuliitea  are  hermaphrotlite.     As  in 

uuiny    miu-ine    Plnwinii,   the    openings   of    the    male   and   femiile 

igenviiitive  organs  are  placed  oue  Ijehitid   the  other  in  the  middle 


i 


Fig.  'M2.  —  OcDermUv* 
ll]l1mrutu^nf  the  Med- 
itiiiitl  I.^ecb.  T,  Te*- 
LiA :   I  '</,  VRA  (luforona ; 

pnMstute;  r,  cirrus; 
(^p,oviine«  with  m^iua 
mid    fernule     geuital 
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line  of  the  anterior  region  of  the  liody.  Tht-  luule 
ojjening  lies  in  front  of  the  femaU'  iind  is  iiminlly  j^irovided 
protruKible  pirrus.  The  testes  lie  in  pairs  in  several  soooMit 
segments  Hnd  are  usually  present  in  consiflerable  nnniljers  (lijB.  '")■ 
In  Iliriulii  there  are  nine  or  ten  pnirs  of  testicular  vftticlwi,  »W 
Hre  connected  with  a  sinuous  vhk  deferens  on  either  side.  Eidi 
VI18  ileferens  i«  ooiltxl  in  front  to  form  a  kind  of  epidiilyniis  Iti; 
322,  Sh)  and  L-*  then  prolonged  into  a  uiius<nilnr  portion,  tlie  diifiii) 
ejaculHtorius,  which  unites  with  that  of  the  other  side  to  fnna  tf 
unpaired  coinilfttory  apparatus.  This  is  in  connection  witb  h  »J)- 
developed  pi-ostatic  frland  (/V),  and  can  l>e  prtitruded  either  «« 
two-homed  sue  {RJit/ncolHUUula-)  or  as  n  long  tilnmcnt  ((rPtill^ 
ddliiUr).  The  female  genei-ative  apparatus  consists  either  of  tw 
long    tubular    ovai'ies   with   a   common    opening    to   the   extwi» 

(R/ii/iicoluldluiir),   nv   of   twu  ^ 
sawular    ovaries,    two    ovi<lucUi  • 
oonuuon  duct  surrounded  bT«B«l- 
liuniin  gland,  and  a  diluted  «(,'i™ 
with  the  gcnitjil  opening  {llmtlf^'' 
eJlitUr)   (fig.  323).      In  copul»tJ« 
u   ttperiiuitophore  passw  out  of  lif 
male  genital  organs,  and  i*  eitbw 
i-eceived   into    the   vagina   of  tl* 
other  animal   or   at    least  beci)ni«* 
atta<'Jied      within      the    generoii** 
opening.     In   any  case   the  fettiii' 
zation  of  the  ovum  t*»kes  plnw  with- 
in the  body  of  the  motiuT.    Tlif ''S! 
is  laid  soon  aft«r.     For  thii>  pnTj""* 
the  animals  seek  suitable  places  on  stoneis  or  plants,  or  leave  the  w»*" 
and,  as  Ilinulo  nndicinalit,  burrow  in  damp  earth.     At  this  p«i"" 
the  geniUil  rings  are  swollen  out  into  the  form  of  a  saddle,  jwrllj*'? 
the  turgescence  of  the  generative  orgjins  and  partly  by   iLf  grs"* 
development  of  the  cntoneous  glands,  the  secretion  of  whidi  i» 
special  inii)ortiince  to  the  fate  of  tlie  eggs  which   are  abmil  to 
laid.     When  tlie  eggs  are  about  to  be  laid,  the  leech  uttucli(«  il 
tii-mly  by  its  ventnil  sucker  and,  twisting  itself  about,  envelci]« 
anterior  pirt  of  its  l«>dy  ^^•ith  a  viscid  ma.ss,  whi<-li  (<fiA-ers  ft>p«T»ll| 
the  genital    rings    like   a   girdle  and  gradually   hanlens  to  funu 
finner  uienibi-ane.     A   number  of   small   eggs   and  a  cflni>iJ( 
quantity  of  albuniinou!^  matter  then  pass  out,  and  the  aninnd  «i' 


Fi*..  3'.!3.  — «,  ri>c<xjii,  6,  fcmnte  gCQi^nk- 

live   appanitUB    of    Jlirmlo  mniiriHuti* 

(atitT  R.  Leuokurt). 
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draws  tt!>  anterior  end  from  this  barrel-shape*!  menibnine,  which  i* 
now  fiUeil  and  which,  after  the  iiniiniil  hiiK  left  it,  becoineR  in 
wnsequence  of  the  narrowing  of  the  teruiiiml  openings  n  tolenilily 
completoly  cloeeJ  cocoon.  The  niiuibei'  of  eggs  coiitaiiie<l  in  a  coctxin 
vsriw  bat  is  never  large.  The  eggs  ni-e  itmall,  yet  the  young 
lecchot  when  hatche<i  ai*  of  considerable  size,  those  of  the  J/irmlo 
mnUeimUi*,  for  example,  are  about  17  mm.  long,  anil,  excepting 
the  fact  thnt  they  are  not  ftexually  mature,  have  e&sentially  the 
orgHuizntion  of  the  adult  animal.  The  young  of  Clepsine  alone  lire 
hutched  at  a  very  early  st^ige,  and  diH'er  e.ssentially  from  the  sexiuii 
Hnimal  both  as  regards  the  sha]>e  of  the  body  and  the  internal 
orgtinimtion.  They  have  a  simple  intestine,  are  without  the 
insterior  sucker,  and  live  a  long  time  attached  to  the  ventral 
surfm-e  of  the  mother  ;  and  it  i«  not  until  they  have  received  a 
Considerable  quantity  of  newly  secreted  allHimitiouii  matter  tliat 
they  obtain  un  organization  which  dtn  them  to  lead  a  free  life. 

The  development  of  the  embyro  of  Clepsine  among  the  Mii/ncoh- 
drJlidtr  and  yrpliflU  and  HirtuJo  amongst  the  Giint/iolnldli'/cf  is  better 
known.  The  segmentntion  is  always  uneqiuil.  The  mouth  is  formetl 
«*fly,  and  tiu-ough  it,  after  the  formation  of  the  phaiynx  and  intes- 
titud  canal,  tlie  albumen  contained  in  the  ciniion  is  taken  into  the 
intestine  of  the  giwwing  embryo  by  means  of  swallowing  movementu 
«*f  the  pharynx. 

Tl»e  Leeche^i  live  for  the  most  part  in  water  or  temporarily  in 
earth.  They  move  partly  by  "  looping "  with  the  help  of 
suckers,  and  j»artly  by  swimming  with  active  undulations  of 
*«»«  wraally  flattened  body.  Many  of  them  are  piiiisitic  on  the  skin 
**t-  the  gills  of  aquatic  animals,  e.t/.,  on  tisIiesaiiJ  the  cray-tish  ;  most 
<*f  them,  however,  .are  only  occnsicmal  parasites  on  the  outer  skin  of 
'•■'•.nu-blooded  animals.  Certain  forms  are  predaceous  and,  as  for 
^▼^mple  A  tiifutoiii  II  III  </)//«,  eat  snails  and  earth  worms,  or,  like  C'lepfiw;, 
•"ck  laiails.  Tliey  do  not  feetl  e.xclusively  on  any  special  gen  its  of 
**»ijniil.s,  and  their  diet  is  not  always  the  same  in  the  difTerent  periods 
•*»  ilieir  existeuoe.  Ilintdo  mediclnulin  in  its  young  stage  live.s  on 
••"^  lilood  of  insects,  then  on  that  of  frogs,  and  only  when  it  hiw 
*t.t*ing,l  liexual  maturity  is  a  diet  of  warm  blooil  necessary  to  it. 

f'sni.  KhyaeobdeUidiB.  Leechwwitli  proboscis.  IkidyeloTigatcil.  cylimlrifal, 
•*■  Wiaid  ami  tint  :  witli  an  anterior  anil  ]iostt:rior  sucker,  and  n  |)Owtrfal  pro- 
•^ilWo  prr.lK)*ci»  in  tin-  biiocnl  uaritv  :  witli  ixiired  eyes  on  the  anteriur  suoker. 
Jrjan*  r(in<x'mc»I  in  the  furniatiiai  of  blood  corpiisi'les  occur  (so-called  valves) 
">  tiie'larr«al  ccDtiuctileTcswI.  Pi-nrii-ulti  li\ninv.{li'ltf/ii/i'liilillii/ir).  P.  f/iomrt ra 
**.  iin  frmli  water  lisli.     /'.  rrtpirmit  Tr.,  with  lateral   vesicles  which  dilate  as 


|?«f  the 
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the  blood  enters.  Pnndihtfrlln  piyrieata  L..on  IXhji.  JiraufhelHim  trrpfil 
Snv.,  ClrjAinr  r*ftv.,  (^I'lejuiiiiihr),  I 'I,  liitruluin  hl«»_  ^7.  rnmpianttta  fi»», 
miirijinitla  C».  Kr.  Miill.  UinnrNtaria  mij-iruHU  de  Kil..  U.  nfiiriiudu  dc  H. 
lioth  ill  llic  Ij^funcK  <if  Mexico,  tlic  liitter  used  for  inediciuai  ]iur]iaia.  B- 
(J/iiliiiiii  (l.i  I'll.,  ill  the  river  Amazuii. 

Fnni.  OnsthobdalUda.     Leeches  witli  jnws.     PbRrynx  nrmed  with  lh^•••  f^- 
quuntly  «err»ted  j«w»,  ami  rolded  longitudinally.     In  fKint  <if  the  moiiv 
IH  »  riu(,'ed,  spiniii-shniieil  ppicess.  which    forms  a   kind  c^f  oral  sticker 
encoim  luu  A  i<|>oiigy  shell.    J/iruiin  L.    Tsiiatly  with  9."i  distinct  rings.  •  I 
four  are  u|)oii  the  gpoon-shn|«d  upper  li)!.     The  three  miterior  rincs.  "I 
Riid  the  eighth,  lienr  the  five  pnirs  of  eyesi.    llie  male  feniut  opening  lie»l>r'i<  '- 
the  24th  and  25th,  tre  fenuile  between  the  2yih  nnd  30tli  rinirs-    TIj'  "'M 
jnwi  are  finely  scrrntctl  luid  can  be  moved   like  a  circular  saw  in  a  nii'irii:-- 
well   ndnpteil  to  inHicl   a  wtiun<i.  which   readily  heaU.  in   the  external  •tii 
of  man.     The  stomach  has  eleven  pairs  of  lateral  ciecn,  of  whirh  the  IoaI  |r*ir» 
very  loni;.    Thu  eoconiis  are  de|>08itai  in  dump  earth.     J/.  meiliriHali*  L^  wiili 
the  vai-iety  diKtin^iislial  nit  nfKriiiitli;  [H.isiieCKe't  KO  to  9(1  fine  teeth  on  th«  fi« 
edge   of   tho   jows  aed   attains   r«    Icn^h    of    iiliout   six    inches.      They 
formerly  common  in  Qcrmany  and  are  still  frequently  t«i  be  found  in  Uun] 
and  Prnnc*.      They    are   cultivated   iu  «pecial   |>onds  ami    take  three 
to  attain    sexual    maturity,      l/irmnjiniii  rnru-r  Mi."].    Tnnd,    the    borx'-lfvfli 
30  coarse  teeth  on  the  edge  of  the  jaws,  which  enable  it  to  intlicl  woumisjti 
»oft  niucouri  merolimnes.     The  horse-leech  is  indiKeuuu«  in  Kuro^w,  and  c.-|f 
cially  North  Africa.     It  uttache.-  ilwlf  to  the  interior  of  the  pharjux  uf  hif«v 
ettttle  anil   men.     AuhinliDiiniii  gnlo  .Mo<|.  Tftnd.     Also  known  u  the  hunt- 
leech,  fc('(l«  on  Molliiscii.     SijihiJi'  Sttv.,  .V.  rvhiuriii  Hoq.  Tand. 

Kail).  BranchlobdelUdse.  The  Ixxly  in  the  extencli.i1  condition  i»  narlj 
cylindiicid  and  is  oum|>osed  of  few  unequally  riiitjcd  se^rments.  Tlifw  i»  • 
bilolied  cephalic  lolie  without  eyes,  with  ii  well-deve!o|icd  sucker  at  the  |i«tow 
end  of  the  body.  I'lmiynx  without  prolioscis.  with  two  flat  jaw»  lyiiii!  iiw 
above  the  other.     JiruhchiuhilrlUi  jumuitii  Henlc,  Ji.  lUtari  Udier. 


CLASS  IV.— ROTATORIA •-ROTIFERA. 

]\'il/i  (I  relriiclilv  ciliated  n]>jmmtita  at  iJie  anterior  rtul  of'  tht  M^i, 
Willi  cereliriil  gaiiyliun  uiul  cxcrrtory  caimls ;  vnt/ioitt  limrl  or  Irm 
vuHcuUir  tyttem.     The  nexet  are  nepanUe. 

The  Rolifern  lire  Worms  which  laiii  lie  derived  froui  Lovtii  ►  lov" 
iinil  have  nothing  to  do  with  tlie  Arthrujiodu,  since  ihey  are  «ith»iOl 
limbs  aud  do  not  develop  metiiuieres.  Tlie  body  of  the  Roti/n*  i* 
cei-twiitly  extermiUy  segmented  iind  divided  into  moi-e  or  less  shiujil; 

*  EhicnlKM).', ■■  Die  I nfusioiislhieivheii als Tollkonimeiic Ortfnnitnien."  Uil'Ot 
18.38.  Hujardin,  "  llistoire  iintuitUe  deb  Infusoires,"  I'ttri.",  1S4L  Dahimiilt. 
J'liil.  '/ViiMM,  lliiij.  Sir.  1844.  Fr.  Lcydijj,  "  I'elier  ilen  Boii  und  die  hyistcnuiiJ«* 
StellunjJ  del  Hiiiiertliierc,"  Ziiltrli'r.  fiir  irit*.  Znol..  Bd.  VI..  18.ji.  F.  C-JiH 
"UeU'r  l!iideithieie,">!r^</i;-.  fiir  vit:  /iml.,  B<1.  VII.,  1»:.6.  H"L  IX.,  I*** 

Bd.   XII..   IMII2.     I io.ssi'.  ••  On  the  Structure,  Kimctiiiiis  and    !! ' '  ''>' 

Mnnducalory  Orgiuis  of  the  cIoki  llotifcra."  J'lnl.  'Jhiiu..  l^■ 
"  Ucitriige  nur  Kiit»nckelungs{!eschiehte  des  Hrachionus  arte 
fUr  n>U>.  Xiii'l,  Tom.  XXII.,  1872. 
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defined  luul  very  dissuniLir  regions,  but  the  internal  organs  tUiow  no 
tnkoe  of  any  coiTespoiiding  segmentation.  There  i»  therefoix?  no  true 
l^meutntion,  i.e.,  ilivLsion  of  thf  IjimIv  int<i  metiiniei-eH.  It  i«  usmilly 
possible  tu  dibtingiiish  an  uuterior  region  of  the  Ixiily,  in  wliich  the 
whole  of  the  viscera  are  situated,  and  a  posterior  movable  foot-like 

region,  which  terminates  in  two   ojiposed  pincer-like  styles  and  is 

nsed    lx)th  in  hx-omotion  and  for  attachment.     Tiie  broad  anterior 

portion  of  the  body,  lus  well  as  the  narrow  jxsterior  region,  Ls  often 

divicle«l  by  transverse  constrictions  into  sevenil  rings,  which  can  lie 

ilnvwn  into  one  another  like  the  rings  of  a  telescope  luid  can  be  bent 

ttore    or    less   freely 

upon  one  another. 

The    anterior  cili- 
ated  and  usually  re- 

tnactile    apparatus 

which  projects  at  the 

juiterior  end,  and  is 

teruie«l     the    troehnl 

dite,  or  from  its  like- 

^■bb    to    n    rotating 

^Bwel,   the   wlitfl  or- 

y«m,  is  an  important 

chiiracterLstic  of   the 

Rotijerti.      Very  fre- 
quently, especially  in 

the    pantsitic    forms, 

this  trochal  disc  is  re- 

daced,  and  in  cert<iin 

otses  entirely  aborted 

( J/»»»7i«).   In  .Yotom- 

mata   UtriHt/rtuia  the 

tmchal  disc  is  retluced 

tu    a     small    ciliated 

lip  mund  the  mouth;  in  JIi/<laliwi  (fig.  324)  to  the  margin  of  the 

he»d,    the    whole   circumference   of   wliich    is   ciliate<l.       In   other 

Hk»  the  ciliated  edge  projects  over  the  head  and  forms  the  so- 
oUled  double  wheel,  c.</.,  PhUtxlinn,  Iira^fiio7iua,  or  W'omes  a 
eiliat«Hl  cephalic  shield,  <?.;/.,  Afi-jjulvlnjc/in,   Tiihicolarut.      Fin»lly,  it 

Spy  be  priKluced  into  ciliated  [irocesses  of  various  form  (Floaeuian'tt, 
attphanoeeiv*).  As  a  rule,  the  cilia  form  a  contiinious  border, 
rtartinit  from  tl>e  mouth  and  returning  to  it.     The  cilia  are  <!hieHy 

2(5 


Fid  S3t.-  Hfilalima  tntia   (itftsr  F.  Oohn).    a,  FemiUa;    », 

umlo.  ATor,  Troi'lml  diftc  ;  CBl ;  couu-notile  Toaicle ;  Wir, 
ciUhiwI  ftmiiol  lit  the  eicretorj-  Hppnmttu  (Kx) ;  K,  jaws  ; 
Dr,  SAlvary  KtiLnila  i  3td,  atomuch.  Or,  orar>' ;  7*,  u»tU ; 
P.  pent*. 
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coiiuemwl  in  locomotion.  Imt  in  iiddition  they  plHV  nn  iinpoii«n«  j»n 
in  attnicting  small  pHvticles  of  food.  There  is  alto  a  second  nw  I 
delicate  vibratile  cilia,  extending  on  either  side  from  the  dorsal  eife 
of  the  trochaj  disc  to  the  mouth  [p(H"ts  of  the  continuous  Ixii'l' 
cilia  just  mentioned  a.s  startijig  from  tlie  mouth],  wliieh  L^  yh-- 
the  't'entral  side  of  the  trochal  disc.  The^  ciliii  sea-re  to  guid«  tbi> 
small  food  particles  wliieh  are  capturetl  by  the  trodial  disc  inuj  Uk 
mouth. 

Alimentary  oaual. — The  mouth  leads  into  a  dilated  phani-ax  (fi/». 
3l!4),  pi'oxided  with  a  .special  armature.  The  parts  of  the  amuitn 
are  in  contiuunl  movement,  nnd  serve  for  niasticution.  FoUowii 
the  phai-jTix  there  is  a  short  rpsophagejil  tube ;  this  lesids  into  th 
diju'estive  sjic,  which  is  lined  with  large  ciliateid  cells.  Tlie  aujeriur  or 
gastric  part'  of  this  cavity  is  wide,  and  i-ecoives  two  hirge  gland 
tulH's,  which  may  sometimes  Ik-  re«5olve<l  into  unicellular  gi 
They  may  be  explained  from  their  function  as  salivajy  or  panomti 
glands.  The  posterior  narrow  intestinal  [mrt  usually  opens  into 
cloacsil  chamlier.  which  is  likewise  ciliated  lind  o)>enf«  on  the  dorsal 
siirface  at  the  point  where  the  foot^like  posterior  region  join.*  tlie 
anterior  part  of  the  Ixidy.  In  some  Rotifera,  as  for  example  »(«<► 
iiiiirjifiii,  Aii/il'itic/iwi.  the  intestine  ends  blindly. 

A  blood-vascular  system  is  always  wanting,  and  the  body  caritr 
is  filled  with  a  clear  vawuhir  fluid.  The  stntcttires  erroneoajj 
described  by  Ehrenberg  as  vessels,  are  in  ivality  the  tmtisvrrs'k 
strijied  muscles  and  muscular  networks  beneath  thi<  integument. 

Respiration  i^  can-ied  on  by  the  general  surface  of  the  boih; 
spcc'iiil  iii'jiiiii.s  of  ivspiration  are  wanting. 

Excretory  organs.-  The  so-called  i-espiratory  canals  aiv  excretm, 
and  curresjKind  to  segmental  organs.  They  consist  of  two  siuuou* 
longitudinal  canals  with  cellular  walls  and  with  tluid  contentv  ukI 
they  communicate  mth  the  liody  cavity  by  ciliated  fiinncWiiijxJ 
openings  pW-ed  at  the  end  of  sliort  ciliat<?d  lateral  branches  {vil>rilil<i 
iirgiins).  They  open  into  the  cloaca  either  dii-ectly  or  by  means  «•(• 
contractile  vesicle  (respiratory  vesicle). 

The  nervous  system  is  allied  to  tlmt  of  the  Platyheliniutb**!.  The 
central  jiart  of  it  consists  of  u  simple  or  lii-lolje<l  cerobml  gnniflii''' 
placed  above  the  ojsophagws,  and  giving  off  uer\-*«  to  peculiar  rnt»- 
neons  sen.-^e  organs  and  to  the  muscles.  Eyes  arc  often  piY^cnt,  M"! 
lie  ujHin  the  brain  either  as  an  x-«<hape<l  unpaired  jiiginenl  lxj<lvuf»« 
jiaired  pigment  spots  jirovided  with  refmctile  Kpherea.  TLe»l««»* 
mentioned  cutaneous  sense  organs,  which  are  proljubly  Uotile.  Uw 
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the  forui  of  pivniineaces  Ix-^et  with  haii-s  nad  setiv,  or  even  of  tuhular 
tfluugatwl  proce.«^ies  of  the  skin  (i-espiiutoiy  organs  of  the  ueck), 
lx>nftiili  which  I  lie  sensory  nerves  end  in  gunglionie  swellings. 

Generative  organs. — The  seAes  ure  sepai-at*,  and  ai-e  distin^ruished 
by  a  strongly  tuiirkeil  dimorphism.  The  very  email  males  have 
nei  ther  ccsophiigus  nor  intestinal  caniil,  which  ai-e  reduoetl  Ui  n  sti-tng- 
likf  niiliineiit  ;  and  they  leave  the  egg  eonipletely  developed.  Their 
generative  organ!>  are  reduced  to  a  teeticuhir  sac  tilled  with 
t|>erm)itoz<m,  the  musculiir  duet  of  which  ojien.s  at  the  hinder  end 
of  the  Ixjdy,  sometimes  on  a  [Hipilliform  protuberance.  Tiie  gejierative 
orgiin>  of  the  females,  which  are  far  hii^er  than  tlie  males,  consist  of 
a  roundish  ovary  tille<l  with  developing  ova,  and  of  a  .xhort  oWduct 
wliich  contains  one  or  hut  few  ripe  ova,  and  usually  ojwns  into  the 
cloacju  Almost  all  liotijeni,  are  oviparous ;  and  their  eggs  are 
iitiiiguishalile  into  thin-shelletl  mimmer  eggs  and  thick-i>helled 
ijiler  (ijijs.  They  carry  both  kinds  of  eggs  alKjut  on  their  Ixjdy, 
Imt  the  summer  eggs  not  unfrequently  undei-go  their  euibryonio 
|development  in  the  oviduct.  The  summer  eggs  jii-olmbly  develop 
tiiogeneticjilly,  since  at  the  season  of  the  year  when  they  apj.>enr 
the  males  are  not  to  l>e  found.  The  thick-slielle<l  winter  eggs, 
which  ai*  often  dwk  coloured,  are  produced  in  the  autumn  and 
fertilized. 

Development. — As  far  as  the  embi-j'onic  development  is  known,  it 
Jiows  a  gre*it  agreement  u-ith  that  of  many  (I'asterujxxla  (< 'iili/jUriea). 
\\e  ova  undergo  an  irregular  segmentation.  The  cells  proceeding 
vm  the  smaller  .segmentation  spheres  bwoiue  jiccnniuLited  at  one 
L>le,  and  finally  enclose  the  darker  coloured  yolk  cells  cimipletely,  so 
bat  a  two-layered  embiyo  is  formed.  The  cells  of  the  outer  layer 
much  poorer  in  gnintdes  than  are  those  of  the  central  entoderm 
lyer,  and  form  the  ect^}<lerm.  A  depression  of  the  ectoderm  is 
•rroecl  on  tlie  (later)  venti-al  surface,  from  the  side  walls  of  which 
be  two  lolies  of  the  ti-ochal  disc  grow  out  (like  the  onil  lobes  of 
uollusc  embryos).  The  hinder  portion  of  the  depression  becomes 
iie  postei-ior  part  of  the  body,  at  the  ki-se  of  which  a  pit  forming 
be  tirst  rudiment  of  the  cloaca  makes  its  appe«irance.  Tlie  mouth 
ud  the  anterior  f«irt  of  the  alimentai-y  canal  ai'e  develoi>e<l  anteriorly 
the  Ixittom  of  the  depression.  The  gaugliou  arises  from  the 
ctodenu  in  the  cepluilic  region.  Tliei*  are  no  reliable  obseixations 
the  formation  of  tLe  metiobliu«t.  In  the  male  ombiyo  the 
jpvelopment  takes  a  ditrereut  course,  the  alimentary  canal  not  being 
I  is,iiiiil<tily    ilevel"in>d.     The    free    development    tuke-.    place    either 


■ 


nOTlTtttJL. 

without  or  with  un  inconsidewWc  and  sometimes  retrogres^^ivt 
metamorphosis.  This  kttei-  is  most  striking  in  the  Flogrfl-r.l.' 
which  are  fixed  in  tlie  adult  state. 

The  Uolij'rm  prijicijMiUy  inhiibit  fresh  water,  in  which  thty  j»ia 
about  by  means  of  the  ti-ochiU  disc,  and  sometimes  theyuitach  them- 
selves to  foi-eign  objects  by  mejins  of  the  forked  glandular  fa*. 
When  thns  attached,  they  extend  the  anterior  jmrt  of  the  boJT. 
and  the  cilia  begin  to  move.  The  currents  .set  up  by  the  latter 
convey  to  the  mouth  food  material,  such  as  small  lnfu«iria,  Alpt, 
Diatoms.  Some  sjiecies  live  in  gelatinous  sheath.s  and  delicat*  tii>«5, 
others  (ConochUiu)  are  lixed  Ijy  their  foot  in  a  common  gelutiuoni 
mass,  and  are  united  to  form  a  free-swimming  colony.  A  rebitiwly 
small  number  are  j)iu-asitic.  It  seems  that  many  specie,-  are  nblcto 
endure  drying,  if  it  be  not  too  prolonged. 

Finn.  Floionlaridn.  Kixed  RnH/era  with  a  long  rransreracly  rin^  font, 
nxiittUy  sum luucltit  l>y  jrelatini ms  ooverings  and  lubes.  The  tiwr!.nii  of  the 
hc»(l  lias  a  lobed  tir  Joeply  cloft  wIieel-orjrBU.  Flntrulario  prohtuniirii  Klirfcg, 
Ifrphnmirinit  EirhlmrHii  Ehrbg..  Tvb'wiilarta  tuijan  Klahg.,  Mrlicrrta  ritfnu 
L.,  CoHM^hilu*  rnlrosr,  Khrbg. 

Fani.  Philodinida.  Krec.  often  cn-epinp  (in  a  liwpiirj  miinnrr)  Jieti/m: 
witb  (loulik-wlnrlwi  rotatory  organ,  and  jointed,  tclewopienUy  relrnetile  liot, 
without  gelftunous  investment.  Calliilinn  rliiintu  Ehrbjr..  Hatifrr  f»ifrtl 
Oken  (//.  rri/irinin  Cuv.),  Phi  I  ml  inn  try!  h  rnjiht  lull  ma  Khrbe. 

Kam.  Braohionidae.  Rvti/rra  wiUi  bitiil  or  miiliitid  whcel-oryaii  •  n-ith 
broad.  shieUl-slmpe<l  arraourwl  Iwdy  ;  and  fix)t  ringod,  nr  with  *hori  wj.TurtrtJ. 
BriuhioHUji  Bakeri  O.  Kr.  MiUl..  Jl.  military  Ehrtig.,  EueUnntt  trifwtH 
Ehrbp-. 

Fnm.  Hydatinidee.  Edge  of  wheel-organ  prolonged  into  numri'i itii)  pn«»««i 
(multilid)  or  •mly  sinuouB ;  skin  ilelicate,  often  ringixl  :  fi>ot  slioit,  oioiDf 
forked,  with  two  seta;  or  pincc-r-shapwi.  Ili/iliititia  Khrlij.',.  //.  ara'a  0.  Pt. 
MUll.  with  ICHfiropli'ii  In/ilntinir  Khrbg.,  as  male.  Solommaln  tartlifnd* 
Ldg.,  -V.  Jlriirltiniivg  Khrb(r.,  X.  /mnui/a  Ehrbg. 

Faiu.  Aiplanctiaida.  The  sac-like  unarraouretl  Widy  in  ilc«titote  of  rrrtiiB 
and  anne.  An/il.aiii-lina  SieMdii  Ldg..  .-I.  myrmelfo  Ehrbg.,  Atrvmorfkt 
germa»iea  \A\f. 

Twr.    |,Triiip3    of    small    nnimals    are    allied    to    the    Rotifem : (1)  Iki 

Xehinodsridn  which  Dujardin  and  Orpcf  reganled  as  cfmnecling  link*  hrtwcru 
VtriniH  and  Arlhrnjmlii  (JCrlliiioiifirt  Dnjiirilinti  t^lap.,  E.  urtlyrnt  (irveO- 
■tid  (T)  the  OMtrotrioha  '  or  lehthydiaa  {,l'htrtoiiiittit\. 

•  Connmre  E.  MdsrhiiiliKff,  •' Uclicr  eimgc  wcnig  bckaiintc  uielrit:  TW* 
formen."  Z>iti,rht:  /ilr  «■/««.  Znnl..  Tom.  XV.,  IbfiS,  AIro  tho  »«tl  it 
H.  I.udwii;  and  O.  Kiit.sihli. 
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AKTHROrODA 


LnteraUij  ti/mmetrieai  antmala  witii  fitUrononwualy  teijtuented  My 

jointed   »egininilal    appendages ;    icit/i    brain    (tiiyrtunaophnijeal 

tiiflia)  and  mitral  nerve  cord  (yanglionic  c/iain). 

Tlie  most  important  ehiii-acterihtic  which  lli^ittugui^hes  the  ArtJiro- 

from  the  clottely  allied  segmeDted  woi-tns,  oud  in  an  essential 

audition  of  a  hi^rher  orgauization  and  gnule  of  life,  is  the  jwssession 

of  jointed  segnieiitjil  uppendages  which  serve  its  urgiinh  of  li>coniotiou. 

In    |>hu.-e  of  the   unjointetl   parapodiit   of   the   ChttftujHtdu,   jointed 

'    appendages;  more  mlapted  for  locomotion  ajid  rontined  to  the  veutnil 

surface,  are  juvsent.     Everj'  segment  may  possess  a  veutnil  pidr  of 

||B|)^>eDdages  which,  in  the  simplest  case,  ai*  short  and  corisLst  of  only 

^%  few  joint*  {Peri/xitint)  (fig.   325).     While  in  the  Annelida  looo- 


Kir*.  3:^>,—  ftrifHttuf  cij/vMju  (lifter  Musolev). 


motion  is  efrected  hy  the  movements  of  the  .segments  and  uudulntoty 
movements  of  the  whole  Iwdy,  in  the  Arlhrojxidti  tlie  function  of 
locomotion  is  removeil  from  the  cliief  axis  of  the  Ix)dy  to  the 
secondary  oxe-s,  i.e.,  to  the  paiix-d  appendages,  with  the  result  of  the 
possibility  of  ii  much  more  efficient  discharge  of  the  ftinction.  The 
sppeiidages  eniihle  the  Artlirojn^tn  not  only  to  swim  and  ci-eep  with 
much  greater  eaise  and  t-peed,  but  hIko  to  execute  vaiious  kiud£  of 
more'  compliait«d  movement,  e.g.,  running,  climbing,  springing,  and 
fljiug.     Tlie  Aj'tln'0]K>da  are,  therefore,  true  terrestrial  and  aerial 

IBbimals. 
I  The  higli  development  of  the  organs  of  locomotion  a.s  piired 
k|ieu<Lige^  leads  of  necessity  to  a  second  essential  proi>erlv,  viz..  to 
|h«"  Ar/f r(i/io»i.(/  of  the  segjnentation,  and  inconuiftiiiii  with  thi.-<  to  the 
liardeidng  of  the  outer  layer  of  the  skin  to  form  n  tirm  ex(»-skeleton. 
If  the  function  of  the  limbs  is  to  be  perfectly  dischargi»<l.  there  will 
be  need  of  a  considemble  niii.s.s  of  muscle,  the  {loints  of  attachment 
of  which  can  only  )«  furnished  by  the  integument  of  the  l)ody. 
The  iu!«rtions  of  the  api)endages  and  their  muscles,  therefore,  require 
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rigid  surfaces,  wliicli  are  obt«ined  paitly  by  the  i!e\-elopnient  rf 
iiitenml  i-liitiiious  tendons  iinrl  plates,  and  \snn\y  by  the  harden' 
of  the  intfguiufiit  wid  tlie  fusion  of  several  st^gmenis  tu  (o 
liirger  armoured  regions.  It  is  only  when  the  movements 
siniiiler  und  reseuible  those  of  Annelids,  that  all  the  negmniO 
remwin  indei)eudent  and  \ieM-  similar  aiUK-ndiiges  along  the  wbtil 

length  of  the  !«»' 
( Inrvie,  J/yruipoiln)i 
In  genaml,  thr 
rvgions  of  the  Uidy 
can  be  Ji8tingtuiih<>d, 
the  fietul.  the  Uiontx, 
and  the  nhlmit'ii.  ihf 
appendages  of  whifli 
possess  respectively  a 
different  structure 
and  function!  (ig.3i(i|. 
The  head  constitutes  the  short  and  compact  anterior  region  of  ih* 
body,  is  coverctl  by  a  jiiird  integument,  encloses  the  brain  and  brat? 
the  sense  oigans  and  moiith-jwirts  (jaws).  The  jippen<lages  of  tJiw 
region  are  modified  to  form  the  antrnrur  anil  jnwK.  The  hwi  <i 
Arthropixls,  as  compared  with  that  of  Annelids,  contains,  besides  ih* 
frontal   (prteoral)  or  antennal   segment  and    the   oral  >egincnt,  io 


Fib.  326.— Udul,  thunu  and  nbUomcu  of  nn  AcridimM,  Men 
from  the  Mile.    S(,  StiKmaUk;  7,  tympuiom. 


Pio. 


827.— S^Ki/M  manii:     J', 
ccphalo-Oiiinix ; 


Aiitmnie:  Kf,  Kf  Uio  nntmor  nurilUpi-dt  "^  l*» 
B",  B"\  the  Miroc  pnirs  of  birunoos  fwU 


addition  at  least  one  jaw  segment,  the  a[ipendages  of  which  may,  i 
larval   life   {NatipUus),  still    function   as  legs.     Usually.  h(iwmf| 
seven\l  of  the  succeeding  segments  whose  appendages  funcdim 
jaws  form  pirt  of  the  hea<l. 

The  mi<l<lle  portion  of  the  Iwdy,  or  thorax,  b  likewise  di^ngui^hd 
by  a  relatively  intimate  fusion  of  some  or  iJl  of  its  segments,  *»  ^^ 
ns   by    the    hardness   of    its   integument.     It  is  sometimes  shsxplf 
marked  off  from  the  head,  sometimes  fused  with  the  heftd  to  form  • 
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of  the  XhmIy  csiUed  tlie  cephaloUwrax  (fig.  327).  The  thomx 
the  upjten(la<,'eM  wliich  sire  of  most  importancf  in  looomotiou. 
The  posterior  portion  of  the  body,  or  abdomen,  is  composed  of 
distinctly  sepii'ate  rings,  and  is,  as  a  nile,  witliout  appendages. 
When  tlie  bitter  iire  present,  tbi'V  serve  partly  its  aids  to  locomotion 
(nlxluminiil  feet),  partly  for  respiration,  or  for  oirrj'ing  tlie  eggs  and 
for  copulation.  More  rarely,  as  for  example  in  the  scorpions,  the 
ftbdomen  Ls  divided  into  a  bi-oad  anterior  region,  the  prauMonicn, 

ta  nnn'ow  movable  posterior  region,  the  potilrily/iiiiien. 
he  skill,  as  in  the  Annelidu,  consists  of  two  different  biyers, — an 
rnal  firm,  wsually  homogeneous  chitinous  layer,  and  an  internal 
iMyer.  which  is  composed  of  polygonal  cells  {matrix:,  hypotlerviis) 
and  secretes  in  layere  the  at  first  soft  ciiitinous  cuticle  (fig.  22). 
The  latter  usually  becomes  hardened  by  the  deposition  of  calcareous 
anlte  in  the  chitinons  basis,  so  as  to  form  the  fij-m  exo.skeletal 
armour,  which,  however,  is  interrupted  iMjtween  each  segment  by 
thin  connecting  membranes.  The  various  cuticular  appendages  of 
the  skin  (tig.  22,  u,  h,  c),  which  may  have  the  form  of  simple  or 
iniite  luiirs,  of  fibiuieuts,  seta.',  spines  and  hooks,  originate  as 
?i«ses  and  outgrowths  of  the  cellvilar  matrix.  Tlie  chitinous 
icle  together  with  its  appendages  is  from  time  to  time,  princi]}Hlly 
in  the  young  stage  during  the  periixl  of  gi'owth,  renewed,  the  old 
^■ticle  being  aist  off  as  a  continuous  membi'iine  (ecdysis,  or  moult). 
"'The  mu.sculai-  system  never  constitutes  a  continuous  envelope 
but  the  muscles  are  usually  braken  up  into  segments  which  corre- 
spond with  the  segmentation  of  the  animal.  Tlie  nniscles  of  the 
idy  are  animged  in  longitudinal  and  transverse  bundles  in  the 
fcerent  segments,  and  are  fi'e(|uently  interrupte*!.  There  are  in 
dition  large  groups  of  muscles,  which  niove  the  apjwndages,  Tlie 
miLsctibir  fibres  are  always  cross-sti'iped. 

The  iutermil  organization  is  allie<l  to  that  of  the  Annelula,  but 
^Bes  not  present  such  a  well-marked  iutemiil  seguientation. 
^HTlie  nervous  system  consists  of  bruin,  n-Kophageal  commissui'es 
^■d  ft  ventral  conl.  The  latter  usually  hsis  the  form  of  a  ganglionic 
^nain  (fig.  328),  and  is  placed  iK'ueath  the  alimentary  canal.  Some- 
Umes,  however,  it  exhibits  great  concenti'ation,  and  may  have  the 
of  an  unsegmented  ganglionic  mass  beneath  the  <i»(vphagU8. 
ke  segmentjition  of  the  venti-al  ganglionic  chain  presents  in  details 
greatest  variations;  in  geuenil,  liowever,  it  corresponds  to  the 
onomous  segmentation  of  the  animid,  in  that  in  the  larger 
[ions  of  the  l>ody,  which  have  arisen  by  fusion  of  several  segments, 
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au  approxuuation  or  fusion  of  the  cun-raponding  ganglia  has 
plaoe.     Id  uue  (iiise  only,  viz.,  in  tiie  I'eiUa»toii>i<l<r,  u'hi<^h  to  ionif] 
(ind  giTwle  of  lifei  resemble  the  iutd&tiiuU  worois,  the  (l<:irsal  \vn  i\ 
the  fBsophageal  cominiKsure  is  not  swollen  out  tu    foiiu  a  a-iv)<t«l 
ganglion,  and  the   ceutrul  pcirt^  uf    the   nervoub   s^-stem    ur«  nua- 
pi-ei!i{«ed  together  into  a  common   gaofi)- 
\(iSri  onic    mti«s   Itcneotli    the  ci9iopbiigu&.    In 

all  other  ca:M?s  the  braiu  is  a  large  ; 
onic  iniLS!>  tying  above  the  oesoph 
and  cf'Dnwted  by  means  of  the  a!>oph 
ring  with  the  anterior  ganglion  of 
ventral  cliain,  which  is  ui^iiully  pkuxd  i 
the  hend  iind  is  kuowu  as  the  sub 
phiigetti  ganglion  (fig.  3'JS),  Tlie 
uer\-n6  iirise  from  the  brain,  while 
ganglia  of  the  ventiiil  chain  st'iid  ner 
to  the  luuseltss  organs  of  IiNHJmotiou  »a 
the  bixly  riovering. 

Visceral  nervous  system.-  In  aiMirjo 
to  fhi'  Ijniiu  ;ind  v<?nli-Bi  ganglionic  cli/'ii- 
which  aiv  compiirable  to  the  cerebro-i-jiin 
system  of  y'ertehnttn,  we  «ui  dLititi^'uU 
in  the  larger  and  more  higldy  or^ 
Artliropoda  a  visceral  ner\-»us  svtcrn 
{^aymjxUhetic),  which  conmstii  of  3\*-rO. 
ganglia  and  plemses  connected  with  tlie 
other  ^y8tem  and  specially  distribat«d  tc 
the  iilimentniT  oinitl.  In  the  higher  J^ 
thropofla,  paired  and  unpaired  vitenfti 
nerves  are  very  genenilly  present.  '• ''i 
of  which  have  their  origin  in  the  Im  '; 
Sense  organs. — Eyes  ore  most  gmirmUt 
di.'iti-ilMited,  and  are  only  al)M*nt  in  a  f«* 
parasitic  forms.  In  their  s^implml  fonu 
they  are  paired  or  impaired  structun* 
placed  upon  the  bmin,  pix)vide<l  with  i^ 
fnictive  l)odie*s  and  with  or  withont  * 
simple  lens  (stemmntA,  or  simple  <<yn>)- 
The  compound  eyes,  which  are  always  paired,  are  much  mow 
complicated.  They  are  distinguished  by  the  prt<e«nee  of  wstow 
roils  and   crystalline  cones,  and  may  be  divide<l  into  fiujeted  «?•• 


31ft. — Non*ou»  sycwni  of 
the  iHrvn  nf  (:<x;ciiioIla  (nftcr 
Kil.  BninrttA  (Iff,  Frontdl 
Knnirlif'ii  i  O,  \in\n  i  /*?,  irub. 
<rtu|ihii|fcftl  ffungUon;  O'  tn 
it',  ^TKiiKli*  of  ll>c  vcnlrHl 
obnio  lu  Uio  thonx  unil 
nlMlnmeu. 
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id    ej-es   with    smooth   cornea   (Cfad^em).      The   former   jjossefss 
ierous   lenties,   and   are   sometimes    placed    on    movable    stalks 
tDrcapoda).      Occa-sioniilly  ftccessoiy  eyes  ai-e  found  on  otliei'  pai-ts 
the  body,  on  the  jaws  and   between  the  legs   of  the   ubtlomen 

Av/Jitori/  organs  are  found  most  frequently  in  the  Crustacea  as 
iditory  vesicles  with  otoUths  in  the  1»»S4U  joint  of   the  ant«inor 
iteniur.  or  rarely  in  the  appendage  nf  the  iibdomen  known  as  the 
(tiiil  of  Mysis).     It>  Tnsecta,  auditory  oi-gans  of  a  very  different 
Iructure  have  been  discovered. 
Ol/aelory  organs  are  also  widely  distributed.     They  are  situated 
the  s\irface  of  the   antenna?,  and   consist  of   delicate   tubes   or 
r-uliar  conicsil  projections,  beneatl)  which  the  sense  ner%'e,s  end  in 
kuglionic  swellings. 
Tactile  organs.     The  antennie  and  judps  of  the  oral  iippendages 
xd  the  ends  of  the  limbs  have  a  tjictile  function.     These  parts  ai-e 
jvided  with  peculiar  huirs  and  setie,  beneath  which  nerves  end  in 
'iptnglionic  swellings. 

Alimentary  canal. — An  indejwndent  digestive  appirntus  is  always 

pr«**ut,    but   its   stnicture   and   degree   of    development   are   very 

.TMrious.     The   idimentaiy  Kinal   is   only   exceptionally  degenerated 

ad  absent  (Hhizocephah.).     The  month  is  placed  on    the  venti-al 

Birfnce  of  the  head.     It  is  furnished  witli  a  projecting  upper  lip, 

id    usually  with    paired   ii[)pendages,    which   are   used   eithei-   for 

ticating    or    for    piercing  and    sucking.      A    niUTow   m-   wide 

pbagus  leails  into  the  intestine,  which  either  simply  traverses  the 

I  of  the  body  or  is  disjHi-^jd  in  several  coil>.     The  lesoplmgus  ami 

lidgat  (chyle  stomach)  may  even  V)e  divided  into  several  regions, 

ad  may  possess  8idi\"ary  glands  and  hepatic  appendages  of  viuious 


1    *i. 


Excretory  organs. — Uiinaiy  organs  ni-e  widely  distributed.  In 
e  simplest  form  they  appwir  us  cells  on  the  surface  of  the  intestine 
jwer  Crttstncea),  in  a  more  highly  develope<l  state  us  tubular 
iform  diverticula  of  the  hindgut  {Mulpigfium  tubes)  (tig.  329).  In 
he  I'rustiuxa,  glands  ai'e  present  in  the  shell  {uliell  yltiiuU)  and  in 
the  base  of  the  pisterior  antennie;  they  are  regarded  as  the 
oiiihological  equivalents  of  seguicutal  organs. 
The  ciroulatory  and  respiratory  organs  present  the  greatest 
fferences  in  the  various  groups  of  the  AithiMpoda.  In  the 
plcst  case  the  clear,  more  mrely  colouix>i|  blood  Huid.  which  is 
corpusculated,  (ills  the  iKidy  cin-ity  iind  the  interstices  of  all 
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the  orgHnij,  and  is  cjrculat.e<l  in  an  irregalur  manner  by  thf  ntnvl 
nientsof  the  different  iwrts*  of  tlielxwly.  Not  nnfrequently  (Jc^'inn  j 
and  Ci/dopff)  the  oirculiition  is  effected  by  the  regulurly  rrfoWlj 
movements  of  certain  organs  (intestine,  vibmtile  pUtes,  eU.);  ill 
other  CHi«<s,  a  sluirt  siiccular  heurt.  is  present  dorsally  ulw 
intestine  ;  or  ft  long  viisciilur  tube  ^the  >ior«<U  vtatti),  divid 
chiunliers,  serves  h£  a  propelling  organ.     From  \ias,  \'«saelt<  (d 

may   Arise,    which   condnct   the  liioxl 
definite  directions.     Vessel*  for  rettiniiig| 
the    blood    (ceint)   may   also  be 
Thes*  either   begin   in    the   body  avifji^ 
or  are   connected  with  the   ends  of  tirtj 
lU-teries  by  oipillary  veanels.    The  vnsc 
system    seems    never    to    be   completd 
closed,  since  even  wlien  the  circulnlion  i 
most  complete,  lacunar  sptuses  of  the  Mi 
cavity  ai-e  found  inserted    in   the 
of  the  vessels. 

Respiration  is  very  frequently  efl 

especijilly  in  the  smaller  and    xnorr  dd 

cate  species  of   Arthropoiia,  by  moiiis< 

the  entire  surface  of  the  Ixuly.     In 

larger  aquatic  forms,  the  function  o(  n»ji 

ration    i»    tiKsumed    by   special    tubtik 

usiihH y  bninched  aii[>eudHgm  of  the  lintj 

{ltrnue/ii'<t);    while    in     the   iiu--bt«iti:a 

htsectn,  ('tiitipftUs,  Scorpiont.  and  ^jwrffl 

^i     ^C^i/        i  respinition  is  performed  by  menm>  of  n 

\,yy  ^S^  r\p  tern:il     lu-ani-htMl    tulx"s     tille^l    witli 

*■     '"  (Irarheir)    or    by     pulmonary    sfuis   ifi 

trnelifir). 

The  reproduction  of  the  Aiihn>pt>Aa\ 
usually  sejciuil,  l>ul.  sometimes  t.iki~  |il« 
by  the   development  of   unfertiliimi 
(parUiettofftneifU).   Ovaries  and  t««tte!>  *m| 
their  origin  piiiivil,  as  are  nlso  the 
rative   ducts,   which    often    have   a  common   terminal   portion 
open  by  a  me<lian  generative  aperture  (Intfctfi,  ArrKhutitUi). 
a   few  esi-eptious  (('{I'rijfiliii,   Tnriliijr'nlti),  the  sexes  are 
MiUes  and  females  frequently  ditler  e>sentially  in  their  entire  f« 
and  organization.       In    rare   cases,    for   example   in    llie   puMt^ 


Ad 


Fio.  J'JH.-AUmenUUT'  c«ual  of 
i*»HfM>  hmMit^  (art4?r  -Vew. 
port).  X.  Pmlio«ci>Ofiudllie); 
Sp,  uiljviiry  fzlAiids  ;  Or,  \»*o. 
phHini*  ;  S,  Muckiug  ttoimich ; 
Jfy,  Malpivbuui  Tabt« ;  AA, 
ivotuni. 
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Cr*niUtcea,  there  is  such  a  marked  sexual  dimorphism  that  the  males 
ranuin  small  and  dwarfed,  and  are  attached  like  parasites  to  the 
liody  of  the  female.  During  the  act  of  copulation,  which  is  often 
innited  to  the  external  union  of  ii\e  two  sexes,  the  spermatophores 
•W  listened  to  the  female  genital  segment  or  thrust  into  the  vagina 

«iy  the  organ  of  copulation,  whence  they  sometimes  pass  into  a 
^tfM  receptaculimi  seminis.  Most  Arthropoda  are  oviparous,  but 
Ml  almost  every  group  there  are  viviparous  forms.  The  eggs  are 
nwjnently  carried  about  by  the  mother,  or  deposited  in  protected 
plsces  where  food  may  easily  be  obtained.  The  embryonic  development 
\**,  development  within  the  egg)  is  characterised,  except  in  the  case 
**«  the  small  stout  embryos  of  the  Cydopidce,  Pentastomulo'.  and 
■4«ir»«o,  by  the  presence  of  a  ventrally  placed  primitive  streak,  from 
Which  especially  the  ganglionic  chain  and  the  ventral  parts  of  the 
Segments  proceed.  The  more  or  less  complex  embryonic  development 
Is  usually  followed  by  a  complicated  metamorphosis,  during  which 
the  young  form  as  lar\'a  undergoes  several  ecdyses.  Numerous  seg- 
ments and  parts  present  in  the  adult  are  not  unf  requently  wanting  in 
^le  just-hatched  larva ;  in  other  cases,  all  the  segments  of  the  adult 
ire  indeed  present,  but  are  not  as  yet  fused  together  to  form  regions. 
[n  such  cases,  the  larvae  resemble  the  Annelida  in  their  homonomous 
^^entation,  and  in  their  locomotion  and  mode  of  life.  Tlie  meta- 
aorphoins  may  however  be  retrogressive ;  the  Lvrvse  are  hatclied  with 
ense  organs  and  appendages,  but  in  the  further  course  of  develop- 
nent  they  become  parasitic,  lose  their  eyes  and  organs  of  locomotion, 
nd  develop  into  strange  unsegmented  (Lern«Bw)  or  entozoon-like 
Pentastomida;)  forms. 

The  Arthi-opoda  are  no  exception  to  the  genend  rule  that  the 
qaatic  forms  which  breathe  by  gills  are  lower  and,  from  a  genetic 
oint  of  view,  older  than  the  air-breatliing  members  of  the  same 
Toup,  inasmuch  as  the  Bratichiata  or  Crustacea  are  the  older,  the 
"racheaUi  the  younger  types. 


CLASS   I. -CRUSTACEA.* 

Aquatic  Arthropoda,  which  breathe  hij  mean^s  of  gills.  The;/  have 
wo  pairs  of  antenna;;  numerous  paired  leys  on  the  thorax,  and 
•swiUy  also  on  the  abdomen. 

•  Milne  Edwards,  "  Histoire  natiirelle  des  Crustac6s,"  3  vol.  and  atla-s,  18.S8- 
MO.  C.  Clans,  "  Untersuchunjten  ziir  Erforschung  der  gcnealogischen  Grund- 
■ge  de8  Crustacecngystems,"    Wien.  187(>. 
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The   C-nutacea,  whose  tiaine   is  derived  from  the  body  covuii 
(wliich  Is  often  bardeued),  are  principally  aquiitic  aninutk  S(» 
foniis,  Ijowever,   ain   live   on  land,  and  possess  respimlorr  orpu 
aiLipted  for  brwvthing  air.     An  importiint  clinrHcter  of  tW  pi^ 
is  the  p-eiit  numlier  of  jwii-ed  app<»u<lages.     The  apipeiidngt*  oJ  it 
the  segments,  even    those  of  the  head,  may  be  used  in  lixvimciwt  I 
(fig.  330).     As  K  rule,  the  head  fust*  with  the  thorax,  or  at  .u 
with  one  or  more  of  the  thoi-acif  segments,  to  form  a  cepha 
which  is  followed  by  the  remaining  free  thoracic  segments.   8aB^1 
times,  however,  these  two  i-egions  of  the  Ixxly  i>em:iin  ilistinrt.  Tbil 
heiul  and  thorax  are  seldom  so  sharply  marked  off  fi-om  one  luioliw  J 
as,  for  example,    in  the  Insecta :  usually   certain  ap{>endiiga,  I 
no-called  maxillijieds,  occupy  mi  intennedi:ite  p<}8ition  between  l**^ 
and   jaws,   and   beiug    plaot-d  at   the    boundajy  between  tLc  t»t| 

regions  may  be  i 
koned  either  u 
longing  tu  the  I 
or  the  tbonu. 
fusion    of    tlu! 
meuts   may  he  «v 
extonsive;  not  ou 
may    the    h«ad 
thorax     be 
but  thp  Ixmndnryl 
tween     thomx 
abdomen  may  i 
and  thesegiueim 
may  even    disappear.     As  a    genei-al   rule,  tlie  form   of   tbt> 
presents  extraordinary  differences  in  the  various  group:^     A  rwlupli- 
cature  of  the  .skin  arching  over  the  thorax  and  covering  thi-  Iwch  i 
a  shell  is  frequeiidy  present.    ThLs  fold  of  the  integuuienr  coustitaU 
in   exti'eme  ca.ses,  a   mnntle-like   investment,   which   may 
calcareous  plat*»s  and   oo^i.sion   a   certain  i-esemblauc*    to  l>*n 
braiichs  (Cirripedlu).     In   other  cases  the  IxmIv   has  ijuite   liW 
segmentiitiou,  and  the  animal  i-eeemblee  a  worm  {Leriio-<r,  SncaJin 
On   the   head   thoi'e  are   usually   two   pairs  of  antcnnu-,  wli 
function  as  sense  organs  and  sometimes  also  as  organs  of  lixvtontii 
or  of  jH-ehension.     There  is  a  jmii-  of  large  jaws  (the  »H/im/in/«),  < 
on  each  side  of  the  mouth,  over  which  a  small  plate,  known  »*■ ' 
upper  lip,  often  projects.     The  mandibles  are  simple  but  veiy  i 
and  hard  mastiratting  plates,  which  are  usually  toothed  and  cor 


Fio.  SSO.— OamiMriu  nrgltetiu  (aftor  0.  O.  SAre).  A',  A', 
The  two  AulennK- ;  A'/,  iiuiillii>eil ;  F  F",  flr»t  u<  Mveuib 
thoracio  foot  j  ^,  nmerinr  swlmmins  feet. 


illy  to  the  coxal  joint  of  a  Yimh,  the  follovring  joints 
ing  into  a  piilp-like  ftppendiige  (iiunuUhnlur  paip).  Then 
one  or  more  pairs  of  weaker  jaws  (nwxiUit),  nud  one  or 
fcirs  of   maxillipeds,  which   more  or  less   resemble   the  legs 

pam^iitic  forms,  aw  often  used  for  adhering  (fig.  331).  In 
c  forms,  the  upper  and  under  lips  not  uiifreqiicutly  give  rise 
ftorial  probo.>-ciis,  in  which  the  styliforiu  iurtudible.s  are  placed. 
Ipendages  of  the  thorax,  of  which  at  least  three  pairs  are 
I  {OttrtKodtt),  present  an  extremely  Viirious  structure,  in 
bee  with  the 
ff  life  and  the 
kde  of  them. 
ire  either  broad 
lipwi  swimming 
ii/UofKxtn),  or  bi- 
8  appendages 
kia) ;  they  may 
pn'Klnce  currents 

water   like    the 

the  Cirrlj)«dta, 
may  be  used  for 
g,  walking,  and 
If  (Isojmda,  Deca- 

In  the  latter 
me  of  them  end 
looks    or    cheltp. 

the  npjiendages 
Itbdomen,  which 
Itly  itself  moves 
(  and  assists  in 
ion,  are  either 
teJv  locomotory 
iping  or  swim- 
|et  (Amphipodn), 
^■ee  they  usually  dirt'er  from  the  n])iientlage!S  of  the  thorax ; 
H^e  with  their  appendages  for  respii-ation,  as  well  ns  for 
J  the  eggs,  and  for  copulation  (DeatpoJa). 

Rnal  organinitiou  is  not  less  varied  than  is  the  extemij 
nver   forms,   the  nervous   system   often   consi.stB  of  a 
-ss,  which  surrounds  the  icsophagua  and  is  not  further 


Fir.  331.— Yoiini;  utaui-  Oft"'«)  '>'  "JO  Lnbsttr  (uflcr  G" 
O.  Sim),  u,  The  lurva  neeu  from  the  «iile;  S,  ros- 
iram  j  J',  A",  •nutinir ;  Xj"'  thinl  maxillipeil ; 
F,  anterior  ambalatary  leg.  />,  maniliblc  with  pulp ; 
r.  ikuterinr  mftxilla  with  two  hliuleft  nufl  palp;  tt,  |K)ft- 
torior  ntuKlIla  with  vihnitilo  plate  (^caphoffnathite) ; 
r,  flrat,/,  j*eeood  maxilliped. 
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8«jgment«'d.     This   jtunulionic    >niie«   con^^potiA*   to  the  lifxin 
veatml  cord  and  gives  off  all  the  nerves.     In  the  higher  Cnilf  I 
II    distinct   bruin   and    ventral    ganglionic   chain,  which   ii  oaub 
elongHt«d  and    of    very   vni-i('d    form,  a#    well   ha   a    rich  pleiv  rf 
\-iiJcei-al  nervi^s  aiul  ganglia  of  the  t^rmpathetic  sjr&trm  «UTr  «li»* 
present. 

Of  sense  organs,  eyes  are  the  most  widely  ili*iriliat*«l.  TV  1 
luuy  hiise  the  funu  either  of  Ktoiple  eyes  (|viire<i  or  ttnpoirwii,(»] 
com|x>und  eyes  with  smooth  or  fuceted  corneo  ;  in  the  Inttw 
they  are  often  plnoed  on  movable  stalks,  which  arf'    .  '  io| 

lateral  i-egionsof  the  head.     Auditor;) iirtjfnm  ai'«iilM< 
in  the  bnstd  joint  of  the  ant«rior  antenna,  rai'ely  iu  the  t- 
Rt  the  jwsterior  end  of  the  IkxIv  (M;iai«\.     The  delicate  inii> 
filftuient-s  of  the  ant^rioi-  autenua  are  proUibly  uljacton/  orgam. 

The  digestive  c&nal  is,  as  a  rule,  straight,  extending  fiuiu  tb»l 
mouth  to  tlie  aniir  at  the  posterior  end  of  the  body.     In  the  lii(;ii*| 
forms  the  Ksophagtis  is  usually  dihited  in  front  of  the  uies«»il«p«l 
(midgut)  into  a  stomach  or  crop,  which   is  armed  with  clutjuua' 
plates.      The    mesenteron    is    provided    with    simple    or    mm  "'"I 
heimtic  ween. 

Excretory   organs.  —The    si>called    shell    ghuiiU    of    tlie 
Crimiateu   aie   i-egai-de<i  fts  uiinary  organ-s  as  ai*  abio  the  ;; 
opening  at  the  base  of  tlie  posterior  antenna  in  the  Afniaeotmm- 
In  the  Entomontracii  the  latter  are  only  pi-esen'ed  duiiug  liir\iil  lif^ 
Short    tubes,  which   oorres()ond   to   the    MAlpighian    tubes   of  ih' 
TraclieatM,  may  also  be  present  on  the  ivtctum  (Ainpiiijioiia). 

The  circnlatoiy  organs  present  eveiy  possible  degf.  ' non. 

fivm    the   giviite*t    simplicity   to   the    highest   coujj  ■'  "i* 

almost  close<1  system  of  arterial  and  venous  vetatels.  Tlie  blood  i 
usually  colourless,  but  is  sometimes  green  or  even  red,  •nd  ••  i 
rale  cont.iius  cellular  blood  cxjrputtles. 

Bespiratory  organs   are  either  entirely  wunting,  or  «rr  n^i 
seated  by  br.iuchial   tulies  on  the  thoracic  or  abdominsil  npiH-mil 
In  the  tirst  case  they  are  oft«n  contuine<l   in   u   special   br 
cavity  at  the  sides  of  the  cephaluthornx. 

Oeneratire  organs.— With  the  exception  of  the  Cirrtynlin 
certain  Jsojxx/a,  »U  CnuUiteta  nreof  )i«panit«  ^xet;.  The  vatift 
female  gener.itive  oi-gjius  usually  0{>en  on  tJie  iKJumlnry  i»f  ll" 
thunix  and  alKlumvn,  either  on  the  lost  or  the  aut<^K4)altiiit*H 
thorucic  ring,  or  on  tl>e  first  iibdoniinal  segment.  The  tvti 
are  %'ery  often  distingui.<lied  In'  a  number  of  external  oharart«ri>i 
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The  iiia]e»  are  snuiUer,  Hometimes  even  dwai-fed,  and  tlieu  attached 
to  tlie  females  like  panudtes.  They  ahnost  alwiiys  possess  appa- 
ratuses for  holdinj;  tlie  females  ami  for  transferiinp  the  speruiato- 
|ih<iiv«  during  copulatiou.  The  larger  females,  on  the  other  hand, 
fi'*<juently  cairy  the  ej^ps  alx)ut  with  them  in  sacs,  the  membi-anes 
nf  wiiich  are  secreted  by  the  so-called  cement  glands. 

Development  takes  pLice  either  diitctly  or  by  metamoi-phosis. 
Tbf  mi<amorphosi»  is  sometimes  retrogressive.  When  the  develop- 
numt  L«  direct,  the  yoiing  animals,  on  leaving  the  egg,  alrenily  have 
thr  Iwdy  form  of  the  adult.  The  Lirvn  known  a-s  the  ymipfius 
(6g.  S.'52)  is  of  great  importance  as  a  point  of  departure.  This 
laiTa  poiistsses  an  oval  Ixxly,  on  the  ventral  aide  of  which  are  present 
tKn-*  |)iiin>  of  appendnges  for  the  sen.se  of  taste,  the  prehension  of 
'ixid.  liud  for  locomotion.  These  ap]>enduges  corresjKind  to  the  two 
!•!«  of  nnteniiie  and  mandibles  respectively.  Parthenogenesis  is 
»»i'l  to  occur  in  certain  groups  (PlnjUo- 
fKiii). 

Almost  all   Criutacea  are  carnivoi'ous. 
^'•'ne  of  them  suck  the  juice.«!  of  living 
wiiriuvU  on  which  they  are  i)ara.sitic. 
Pof    the    .systematic    i-eview     of    this 


'let. 


*frwg<5neou8  group,  it  is  convenient  to 


Wi 


Fie.  333.  -Naaplinit  larrm  of 
Balanua,  seon  froni  the  Aide. 
A.'  Fln«t  appeitilAtre  (flrnt  an- 
tcniin);  yl  ',r*fi'on(l  npiif'tttlnffe 
(fteconfl  ant<'nnA)  ;  Mitf,  third 
•ppcndatre  (mandible);  M, 
npper  lip ;  D,  Inteatine. 


'urjcj^    the    numerous    orders    into   two 

1-  The  small  simply  oi'ganized  Cnm- 
'•*^»*,  the  numl>er  and  foi-ni  of  whose 
•PP*^T>dag«s(  is  veiy  vuiious,  will  he  in- 
clnci«-,j  us  Entomostraca  (O.  Fi-.  Miiller). 
T"  'tljiii  group  l)elong  the  orders  PhyUo- 
f"*^-,  Oftrncoflfi.  i'ujirjpodn.  and  CirriprdUi. 

™»    The   higher  Cnmltuxn,  characterijied  by  a  definite  nimibtr  of 

t«tr>n«its  and  appendages,  may  Iw  gi-ouped  together  as  Malacostraca 

(  ' "  1.     In  this  giviup  ai-e  included  the  ordei-s  of  Arthrostraca 

1  Itmnil  fMOjMitlii),  mill  ThOTS.C08tTa.O&  {fiiiiKiceii  S/oiiiiitftjKi'ln, 

l^ivpuila,  and  JJeenpo<in). 

In  »d>lilirtn  thei-e  is  the  genus  Xelialiti,  which  has  been  Iiithei-t4^) 
tTftjiieou.sly  placol  with  the  I'luiUi'iKxiii,  but  wliioii  i>  U)  be  regarded 
•►the  reiirc^^ntative  of  an  ancient  group  connecting  the  PhtjUojxxia 
»uii  thi-  Stalacostriicti,  and  uiiij-  be  opposwl  to  the  latter  as  Lept- 
tittua. 
Finaliv.  io  addition  to  the.'H>   chief  divisions,  there  i.s  a  numlier 
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of  C'rustiicean  opdci's,  for  the  most  pivrt  fossil  jiud  ^elonpn^^M'l• 
oldest  foriuiitiomi,  which  pi-eseiit  in  their  developmrat  no  eatvn 
tnu-e  of  the  Niiuplius  form  so  chanicteristic  of  the  tru«?Cnisw*| 
iind  are  in  all  probability  related  to  the  Arndinoul'.a.  Tl 
which  mny  be  ^-ouped  together  as  the  Gig^toitraca. 
Mrronlotnntn  and  Xip/iotnra,  to  wljich  the  Triiofiitn  are  possitly  a 


1 .— ENTOMOSTRACA. 
Order  1. — PHYiiU)PaDA.* 

Cruttaem  initio  elo7U/at«d  and  qfttn  dittinetly  iKyiiunttd  M)fi| 
vmiaUy  with  njl/il,  tifilvid4i-ke  otimjjace,  or  UUerallij  comj/reMtd  hinla 
tMU,/oriiutl  III/  a  rfdnpliccUHrt:  of  tite  skin.  There  rrrr,  at  UM,/at 
puirs  of  huf-like  lobed  swimming  feet. 

The  animals  belon^ng  to  this  oi-der  dilfer  vei-^'  winsiik-niblv  in 
form  and  .size,  in  tlie  number  of  their  segments  and  iippemiiji'eN  w 
well  ai>  in  their  internal  structure.  Tliey  all,  however,  a^'w  i* 
the  structiii-e  of  their  lotted,  leaf-like  feet.  In  their  form,  intei 
oi-gnnizatiou  and  development  they  appear  to  be  the  m(»st  priuiiti' 
of  C'rust!U<eti,  and  may  be  ivgarded  as  the  K«ist  modified  deM«ubnl 
of  ancient  tyjies. 

Tlie  body  is  either  cylindrical,  elonguted  and  clearly  scgmwii 
without  fT-ee  i-eilupli^iture  of  the  skin.  «.</.  Hmtichipiu  (fit*.  'iii\ 
or  it  may  l>e  covei'ed  by  a  bii«ul  and  flattened  .sliield,  which  "i 
allows  the  posterior  part  of  the  liody  to  project  uncovetvd,  <.j.  J, 
Iti  other  austw  the  IkxIv  is  lat<:'nilly  compressed  and  is  cndosfrn"' 
biviilve  shell,  frtmi  which  the  anterior  part  of  the  haul  projortl 
(Cladooera) ;  or  tiniilly  the  laterally  compressed  body  Ls  complet/K 
(Hivcnil  by  a  biN-ulve  shell  (Kiitfifriti<r).  Sometimes  the  bnul  » 
moiv  sluiri>ly  distinct,  while  the  thorax  and  abdomen  are  not  w 
cleiu-ly  distinguishable  from  each  other.  As  a  rule,  the  ftMUri" 
sejrment-s  only  are  without  appendages.  The  bind  end  of 
ulHlomen  is  very  often  cixrved  ventnilwards  and  forwunK 
bears  two  rows  jrf  posteriorly  dinvtetl  claw^  tlie  two  last  ol  w 
lU-i.sc   at  the  point  of   the   oaudal   appendage,  and  are   by  Ut 


I(lu3  Mill  l.<>&.     t'r.  Lcvilig.  "  Miiiiu^T«|ihtc  da  LttpiiniUcn,"  iubtnpsn,  lt<^ 
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ingBst.     In  otlier  aises  u  jmii-  of  fin-like  appendiiges  are  pi-esent 
Miistituting  tlie  caiiJal  fork  (^BrancJiipiis). 

Appendages. — <Jn  the  liead  tliei-e  iii'e  two  piiirs  of  unteiinR-,  which 
however,  in  the  adult  aniiuiil,  uiiiy  Ije  riulimentury  or  peciUiiU'ly 
modiliefl,  Tlie  anterior  antenna-  aiv  small,  and  bear  the  delicate 
'*lfaoton-  hau-s.  The  fwsterior  nnt-eiinie  frequently  have  the  form 
of  large  bii'amou.s  swiiomiiig  ajijiemlages,  but  in  the  male  may  al>o 
'^e  H  prehensile  function, 
Bmncliipim.  In  other 
(Apita)  they  are  i-udi- 
"^tary  and  may  even  l>e 
'JJtirely  absent. 

Two  large  mandibles  are 
•lw»ju    present      beneath 
the  well   developed    Tipper 
lip;  they  pos-sess  a  toothed, 
bitiiij,'    edge,    and    in    the 
faliy    developed    condition 
inrariablt/  deslitiit*  of 
palps.     The  mandibles  are 
followed    by    one    or     two 
pairs  of  slightly  develoi)e<l 
xillw.     A  kind  of  \inder- 
!p  is  in  mjiny  cnses  pi-esent, 
ill  the  form  of  two  promi- 
neni-es behind  the  mandibles. 
The  Irgi,  which  are  placed 
the  thonuc,  are  titiually 
very    numerous,    and    are 
t^Dialler  towards  the  poste- 
rior end  of  the  b<xly.     Tliey 
are    ]o\te>\,    leaf-like,   bira- 
motui  stnictures,  and  func- 
tion    ais    Kwimmiiig    feet ; 
they  al.so  as.sLst  in  pi-ocuring 
fooil.     They  consi.st  of  the 

following  parts:  a  sliort  l)a.sal  jjoition,  which  Is  usually  pi"oridetl  with 
m»fc»ticatt)r}'  process  and  is  fol!i>wp<l  by  a  long  foliaoeons  stem  with 
til"  on  its  inner  edge  ;  this  Ls  conliiuied  into  the  muitilolied  internal 
Ufh  [endojK>dite]  of  the  bii-amous  limb,  while  it  bears  on  its  outer 
ide  the  external  nimus  [exoj»odite]  with  marginal  .setw,  and  nearer 


Fis.  SSI.  — Mnlo  of  Brttnehiyyt  w*affmalif.  Sff,  Heart 
or  (InrAiil  \'CBftbl  with  a  patr  of  nttt-Uke  opGDingv 
in  etiCh  Befrneiit ;  D,  intwline;  .U.  mancUble;  M, 
Bboll  tirtafitl;  Br,  branchial  npjieodage^  nf  Iho 
elerBn  pitin  or  legs ;  T,  testU. 
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its  btuic  a  vt'Kifiiliir  lininohinl  appeiulage.  Tlie  anterior,  or  eren  tH 
the  legs  (Leptottora)  miiy  have  tlie  form  of  prelieii^dJ*'  f''--",  ■"''! 
be  destitute  of  branchial  apiiendages. 

Tlie  Pliyllopofls  possess  a  large  pair  of  eyes,  wliich  are  sonicUmt" 
fiisetl  together  in  the  median  line.  In  tulditioii  n  email  niediu 
.simple  eye  (Ent'Omostmcan  eye)  may  pei-si»t.  They  have  h  taceaki 
nr  oh!i«i))ei-<>il  heart,  which  controls  the  regular  cmnilation.  CVtiW 
excretory  organs,  known  as  */«•//  ylaiuh,  ar^  sometimes  prt**tit; 
tliey  open  to  the  exterior  by  a  .special  aperture  on  the  past«ri«t 
maxilla.  The  function  of  respiration  is  jH>rfomied  by  the  tiiiir* 
surface  of  the  body,  the  area  of  wliicli  is  much  incfoiseil  by  llif 
reduplicature  of  the  skin  forming  the  carapace  ;  *L<iO  by  the  foii»- 
ceons  swiuimuig  feet,  and  especially  by  the  surface  of  the  l>rsnphi»l 
appendages. 

Reproduction. — The  P/ii/llopoda  are  of  separate  sexes.  TlieiuaJe* 
are  distinguished  from  the  females  by  the  struct.nre  of  the  tin! 
jKiir  of  antennte  which  are  laj'ger  and  more  richly  provided  willi 
olfactiiry  haii-s,  and  also  by  their  anterior  swimming  foot  wtiicli 
ai-e  tu-med  with  pi-eheusile  hoi>ks.  in  general  the  males  are  W  frt- 
quently  met  with  than  are  the  females,  and,  as  a  rule,  ouly  at  definii* 

uions  of  the  year.     The  females  of  the  smaller  Phi/Uofioiin  (TWn-J 
«m)  are  able  to  produce  eggs  without  copulation  and  fcrtiliuitiuo  J 
and  these  eggs,  the  so-called  summer  eggs,  develop  spontaneoosly  i 
pix)duce  generations  cojitaining  no  males.     In  cei-t^in  genera  of  th« 
JJraiuJnojtoda,  e.g.,  Arteinia  and  Apus,  parthenogeueKis  is  the  rttlcj 
the  mule.s  indeed,  have  only  been  known  a  few  years.     The  feoul* 
usually  «»m'  the  eggs  about  M-ith  them  on  special  appendiiges.  or  ia 
a  )iiij<jd    jjouch  l>eneath  the  .shell  on  the  dorsal   surfuc*;.     The  juJ 
hatched  young  either  possess  tne  form  of  tlie  sexually  mature  Anion] 
(CUidocera),  or  undergo  a  complicatetl  metamorphosis,  leaving  llir  ^  J 
membranes  as  a  nauplius  larvii  with  three  jMiirs  of  appeniliig<>s  (£ni»-. 
ehiopodu). 

A  few  of  the  Phi/Uojioda  live  in  the  sea,  tJie  greater  numlKrj 
inhabit  stiigniint  freshwater  ;  some  of  them  are  found  in  brine  poolfcl 

Sub-oi-der  1.  Branchiopoda.*  Phi/UvimUi,  with  clearly  *?-' 
raented  body,  often  cnclo-ed  in  a  flat,  shield-shaped,  or  bU«»Il,«'J 
compi-esseil  bividved  shell,  with  from  ten  to  about  Uitrty  or 
pairs  of  foliaceous  swimming  feet. 

•  SchiiffcT.  "  Der  VrehKortiKe  Kirforfass."  etc.  Retpen-'"'-   '"'■■       ' 
W<w»ki,  "  Ueber  den  miiiuiliohen  Apus  caiirrifunnis."  .1 
Ti)in  XXIIL.  1867.    C.  Claus."  Zur  Kcnntniss  iles  Bnues  . 
»on  Bnnchipnii  und  Apas."  etc.,  GottingcD,  1873. 
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r>?  alimentary  canal  is  pi-ovidwl  mth  two  Inteml  liepntie  iippen- 
da^«,  which  ait-,  as  ii  lule,  kmniohed  ;iinl  lueeniose  iiud  only  exc-ep- 
tioiuiUy  short  aiid  simple.  Tlie  heart  appears  ao  an  extended  dorsal 
vessel  with  nnmenms  jinii-ed  liitenil  slits,  and  may  extend  tlu-ougUout 
the  whole  length  of  tlie  tliorux  and  iibitouien  (JirancJiijms).  The 
genital  organs,  which  are  always  paired,  are  placed  by  the  side 
of  the  aliuieiitiiry  cunal,  and  open  at  the  boundary  between  the 
thorax  and  abduuen.  In  the  feiualew  the  genital  upeuings  are  small 
^■t;  in  the  male  there  may  be  pi-otntsible  copulatoiy  organs  at  the 
^■nings  {Braitehipui). 

^uhe  males  are  distingiiiiihed  fivim  the  females  pi-iucipally  by  the 
^■t  that  the  anterior,  or  two  anterior  pairs  of  legs,  are  aimed  with 
noks  (Ext/itrida;),  or  by  the  moflitiraition  of  the  posterior  antenme 
to  form  a  prehensile  apparatus  (limnc/itjnui).  Remarkable  is  the 
rare  occurrence  of  the  males ;  tlicy  seem  only  to  appear  vuider  cei-tain 
litions  and  in  definite  generations,  which  alternate  with  piirlhe- 
enetic  genei-ations.  The  eggs  during  develo])ment  ai-e  generally 
ct«d  within  the  liody  of  the  mother,  and  are  carried  aWiut  either 
saccular  br<)od-{)oncli  of  tlie  ab<lomen  or  between  the  valves  of 
shell  on  filiform  (Est/mria,  Branchipus),  or  in  vesicular  (Aputt) 
pnduges  of  diHerent  pairs  of  legs  (!)tb  to  lltli).  Tlie  eggs,  sti  far 
IK  known,  \inileigo  a  complete  segmentfition.  When  hat<'he<l,  the 
animal  has  the  form  of  a  Nauplius  larva,  with  tln-ee  pail's 
l«Iipendages,  of  wliieh  the  anterioi-  (which  >)efome  the  anterior 
Piina')  are  in  the  Estheritbt  only  repi'esente<l  by  slightly  de- 
Dped  setigeivns  prominences.  On  the  other  hand,  in  Apiis  the 
•d  pair  Ls  small  and  nidimentary. 
Almost  all  the  Briuicfii<ijnH/<i  belong  to  inland  waters,  and  prin- 
apolly  inhal)it  shallow  fi-eah-water  pools.  When  the  latter  dry  up, 
eggs,  pit?serveil  in  di-y  mud,  i-emain  aipable  of  development. 
ae  species,  as  Artemta  stilina,  are  foiind  in  brine  pools. 

9raiu-hljiii*  jtiMri/m-miii  Schiiff  —  B.  ttagnalUi  L.,  without  a  shell,  fouud  in 

i  of  Germany,  totrether  with  Aput  raafriformh.     li.  tHaphanui  I'riv., 

dec.     Artrmut  uiHia  L..  in  salt  podls,  near  Tric^ste.  Miaitpfllier.     They 

Sme«  lay  eg)jH  with  a  Imnl  shell,  Rdnictimi-s  they  are  viyiparuii".     Apun 

formit  .Schail.  with  sbield-!-liii[ie<l  (<hell,  Germany.    Thi*  males,  which  are 

be  recot.nii».il  by  the  normal  foniKition  of  the  oU'veath  pair  of  npiivn- 

They  live  in  pudfUes  ami  fresli-wattr  lakes,  together  vritli  Jiranchlptu. 

hrria  fyrladit'uliii  .Inly  L.,  with  (x'rfuet  .shell. 

3ub-or<ler   2.    Cladooera.*      Water-fleas.      Small    laterally   com- 

Besiilnithe  works alreaily  i)Uotc<l,cijm|>iu-f  H.  E.  Strnnss.  "Meumirc  sur  les 
[>hnia  do  lu  cla*.'*'  dcs  CnistaC(5s,"  Mem.  tin  Mhji.  d'liitt  luit..  Tom  V.  and 
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pressed  PkyBopoda,  whose  body,  with  the  exception  of  tb 
which  proje«ts  freely,  is  usiinlly  enclot«d  in  a  bi^-Hlre  shelL 
haive  two  large  antennip,  whirL  are  uued  in  Kwiiumin|;,  and  font 
six  ]mirs  of  swimming  feet. 

The  CUnhKtm  are  snudi  .-amply  nrpinized  PhyUojiotk.  win*' 
rct^mblauce  to  the  Inrx-jp  of  the  shelled  Bruuchiopoda,  parucularly  lo 
the  huATi  of  Etth^ria  with  its  six  pairs  of  legs,  gives  the  Viest  iiiiiim- 
tioQ  of  the  probable  origiu  of  tlie  group.  Unlike  t}ie  mitehur 
utteiuue,  which  are  t>bort.  the  posterior  are  modified  to  f<vnii 
binunomi  swimming  apfienduges  lie*t  with  tiiimeroits  long  -ei*. 
Tlie  four  to  six  ptui>  of  legs  are  not  always  folioceoiui  sv 
feet,  bat  in  many  casers  hare  the  form  of  t^lindrical  ainbulit(a 
or  prehensile  appendage»>.  The  ulxlonieji,  wliirh  is  ventrully  inn 
develops  on  its  don«l  side  several  promineuceii,  which  scitp 
doeie  the  brood  pouch.  It  umaUy  cou8ii$t«  of  three  fre«  :«^gmenl 
a.-  >wll  a*  the  terminal  anal  portion,  which  is  beset  with  row*  ' 
bouicK.  Tlie  anal  portion  begins  with  two  dorsal  tactile  set* 
ends  with  two  hooks  or  styles:,  representing  the  caudal  fn 
(ttg.  334). 

The  internal  orgaaixation   i.s  simple  in  correspondence  witb  tti 
suiiUl  size  of  the  body.    The  compound  eyes  fuse  together  in 
mid4lle  line  to  form  a  large,  coutiiiuiilly  treml>Iing.  fnuital  cvc,  l« 
Death  which   the  nnpaire»l  simjile  eye  oiaially  remains.     .A.  *[«« 
aenae  apparatus,  whose  function  i^  not  qnite  clear,  appeurs  iii  tb 
region  of   the  neck,   in   the   form  of   an   aggregation   of  gsngliool 
celLs. 

The  heart  hi4.-«  the  form  of  an  o\iil  sac,  with  two  trans\-er5*  l«te 
veiions  ostia  and  an  anterior  arterial   opening.     Itifi  pnlaitioiit  »n 
rhythmic,  and  succeol  one  another  cjuiokly.     In  ft{iite  of  the  waul  ( 
arteries  and  veins,  thecirrulutiou  of  the  blood,  which  ctintAinsamirh 
cell>,  is  completed  in  deiinite  ti-acts  ninrke<l  nut  hy  lacuna'  and  : 
in  the  Imdy.    The  looped  and  coiled  shell  gland  Ls  nlways  pmMilt 
The  cervical  gland,  whicli  functioius  as  mi  organ  of  attachment,  isl 
widely  tiistributeil.    T\\e  sexual  glands  lie  in  the  thonw  us  ] 

VI.  1S1»   and    18Si>.    I^Titig.  "  Natunreschichte  der  Daplmiitrn."  TBI* 

ISfiO.     P.     E.    MUller.    "Bidrac       '      "    '  "    "   '     "  '  •twir.n 

Kj9l«iihavii.  ISfiS.  (J.  O.  Sam,  •■  I  ■.■■a»- 

iexv\  h' -  l.,M...l.ri"    \~itlfKxl    ■- 
»ur  K 

Kvnv 

'-.    (-'.  I  laus,     Zur  K' 

1."  Wicn.  1877.     V.i. 
r|ii:r.-  VIII    11, .111,  nciii.  stris."    Aririttm  aW  arm   zooi.  rrryi.  amMf"     i<k 
fl  Bati.l.  Wicn,  I(<7e. 
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ibes  by  the  .side  of  the  iiliiu»»utaiy  c-aiml.  In  the  ovaries  gi-oups 
fonr  cells  are  sepanitod  ;  one  cell  of  each  group  becomes  lui  ovum, 
rhile  the  rest  aiu  einj)loyed  a.s  uutritive  cells  for  the  iiourishnjcnt  of 
be  ovnini,  wliich  mcrea.ses  in  xize  luul  absorbs  fat  globules.  The  ovar}' 
1  directly  cuntiuuous  with  the  oviduct,  wliich  opens  dorsally  beneath 
be  shell  int«  the  bi-ciod-jioucli.  The  test»-s,  like  the  ovaries,  lie  at 
|»e  sides  of  the  intestine  and  ai-e  continuous  with  the  vasa  deferentia, 


I, — J}oijIi»m.    C,  Bean— the  iiUt^like  opcuics  of  one  siilc  is  viiible ;  D,  nllmeutAry 
Bnl ;  X,  iiepAfic  divertlcnlnm ;  A^  aniu ;  O,  ocrebml  piUf^linn  ;  O,  eye  ;  8J,  tthell  f^laud  ; 
Br,  brood-pouch  boueuth  the  dor«al  mlupUcuture  of  Lhc  sh«ll« 

iiich  opeo  to  the  exterior  ventrfilly  behind  the  lust  paii-  of  appen- 

1  or  ttt  the  extreme  end  of  the  Ijody,  the  openings  being  soine- 

I  fiitimte<l  on  small  slightly  protnisible  pi-ominences. 

The  snmller  males  usually  ajipear  in  the  autinnn  ;  they  may,  however, 

be  present  at  any  other  time  of  the  year,  and,  tis  recent  iiivesti- 

fctions  have  proved  in  a  t^lei-ably  satisfactory  manner,  always  when 
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the  conditions   of   life  iind  nourislnuent  lire  nnfnvonrable.     Befm] 
the  H|ipeiirunre  of  the  malef,  tiei-uiaphrodile  fornix  *  tionietime-  iiu 
their  np^jeumnce  with  hd  organiztilion  which  is  half  mule  and 
femnlo. 

At  the  seaiion  when  males  ai-e  not  preeient,  uonually  in  llii;  >pr 
iind  snuuner,  the  feniAles  produce  the  80-called  Huouuer  eggs,  whit 
contiiin  a  large  r|naatily  of  oil   glol>iile«  and  m-e  MirToiinde<l  liy  i 
delicate  vitelline  uieuibmne.     They  develop  ntpidly  nitliin  the  Imx 
pouch  between  the  shell  and  the  dorHil  8arfnc«  of  the  mother, . 
after  the  space  of  only  a  few  «lays  give  rise  Ui  n  fresh  genenitiou  i 
young  Cladoc«ru,  whicli  eiM><n)e  from  the  hrood-pouch.    The  cud.ryniiie^ 
development   taken  plaoo  iwoordingly   under  extremely   fa\onnil)|f 
comlilions,  which  depend  njwn  the  rich  supply  of  food  yolk  ii»  llii' 
large  eggs,  and  are  soiiiotinies  favoured  by  the  se<Tetion  of  additional 
food  material  within  the  bifxxl-jXHich. 

At  the  season  when  the  moles  ap]M'ar,  the  females,  under  the  lik»i 
inrtnence  of  unfavonmble  nourishment  and  inde|>endeiitly  of  ropO'^ 
latiou,  l>pgin  to  piixluco  so-called  winter  eggs>,  wliich  are  i]icai»i)>l<<  ( 
ileveloping  without  furtilizatioit.     The  number  of  these  hard-slielle 
winter  eggs  is  always  relatively  small.     They  are,  therefore,  distin-' 
guLshed  from   the  summer  eggs  by  their  larger  airx?  and  the  greiiW^ 
quantity  of  food  yolk  :  and  their  origin  in  the  o\;ir\-  i-;  .'UMX3m|auiEtiil 
by  much  Uiore  extensive  processes  of  alisorption. 

The  Jiiiphvidir  live  for  the  most  ]iart  ui  frtM>li  wrtier.  Certsin 
species  inhabit  ileep  inland  hikes,  bi-m-kish  water,  and  the  sen.  TLpt 
Awini  quickly,  aud  usually  with  a  jiimpiiig  moveuient.  Some  of  ttiem 
attach  themselves  to  solid  surrounding  objects  by  meiins  of  a  dorndly 
placed  organ  of  attachment,  the  cervical  gland.  When  the  iioly 
Is  thus  dxed,  the  s\\-ininiing  feet  seem  to  be  able  by  their  vibmlion* 
to  set  up  cun-enfs  in  which  small  food  {mrticles  are  swept  towxrU 
the  animiil. 


Siila  cryttaUliia  O.  Kr.  MQllur.  The  sin  pairs  of  lamellar  \c^  '  ■-'  --"• 
lone  swimming  sotn;.  Tlic  rami  nf  tlieswimmini;  aiil<.<nnit<  two-  Uitl  • 
Dii/i/iiiiii  jiuUx  Do  Oeer.  I),  tiuui  Liov.  Five  |iftirs  of  Ic(p»,  ot  w"i'"  • 
anii'rior  nie  mure  or  less  wlnpteil  for  prebctision.  One  ramus  of  tl>c  swinmiiii' 
nilti-nna;  is  thrw-jointcil,  the  other  four-jointed.  Pitli/jihuims  pnlirula,  |v 
Geer.  IiitholAkesnf  Switzcrlauil,  Austria.  ainlScanilinariB.  JCnuttu  \(irrfw«ii»t 
IiOvin,  North  Sen  arnl  Meditcrmnenn.     I.rjilnlm-a  hi/nUna  Ijllj.,  in  Ufci:- 

*  •^omiinTO  <ifpoeiiiU.v  W.  Kurr.,  '•  Ueljor  Amlropyiie  MifxIiililunK  bci  fimJ*- 
ceren,"  bitzvngtber  tirr  AhiiK  jer  ICiju'iuo-A,  Wim.  HI74.  Almi  SotisiuiXf- 
\vit»oh. 
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Order  2. — Ostracoda.* 

Smalt,  usually  laterally  compressed  Entomoslraoa,  witli  a  bivalve 
f$h«U  and  seveti  pdira  0/  appeiuiagea,  whicJi.  fuiictimi  ns  arUennce,  jaws, 
reepiiig  and  smmminy  legs.  There  is  a  jiedifonii  nuindifnilar  pulp, 
(aW  «  M/iort  aMomen. 

Tlie  lK)dy  of  tliejiesmHil  Crustacea  in  (iiisegiiK'iiteiiaiKl  is  itmipletely 
enclose«i  in  11  bivalve  shell,  which  givew  the  uuinml  a  reseiwbliuu'e  to 
a  mussel.     The  two  \'ulves  of  the  hliell  joiii  together  iu  the  midtUe 
Eline,  iind  Hi-e  ftt,slene<1  together  by  an  eliistic  ligiiiiieiit  iiloiifi  theuiiildlo 
of  the  iMU'k.     The  uctiou  of  tliis  Hgiimeiit  i^  ijpjio«eil  by  11  two- 
adductor  muscle,  which  jia«seK  from  one  valve  of  the  shell 
to  the  other  and  causes  impressions  disi-ernible  from  witliout.     The 
. common  tendon  of  the  two  lieads  of  this  muscle  lies  nearlv  in  the 


V  F        Hz"  SM  Mx         }ld     Ob 

.  SB.— Female  Cfpru  \tetoTr  K«iukl  miituriiy  ;  the  riirht  valve  of  tho  obeli  ha.',  hci-n 
rrmoTofl,  A',  A",  flrn  «tiil  Hjonml  jMiir  nf  autouiuo  ;  06,  apfwr  lin  ;  Jfrf,  mandihle  wiili 
r>r<lifonii  piilii;  O,  eerclmil  )raiiL!lion  with  iinpalreil  eye;  SJU,  nilduotor  niuarlo:  iti , 
Ut  ■,  ar«i  anil  mkoiiiI  |mir  i.f  maiillip ;  /■*,  t'\  flr»l  and  second  |mlr  of  foet ;  Fn,  caudal 
fork  ;  if,  Btnnuioh  ;  />,  Lnteatinc ;  I,  hepatic  lube ;  0»,  radimontarjr  genital  organs, 

middle  of  the  bo<ly.  The  edges  of  the  viilve.s  ai-e  fi-ee  at  both  ends 
and  along  the  ventml  .^de.  In  the  inuriiie  Cypridinidir  there  is  a 
deep  indejjtation  ill  the  edges  of  the  valves,  to  allow  the  anlennte  to 
]MS»  out.  When  the  vnivi-s  of  the  shell  ni-e  njjen,  .sevenil  peiitfunu 
^  lippendiiges  can  be  protruded  on  the  ventral  side,  which  enable  the 
i\  to  move  in   the  water  eit  her  by  crawling  or  by  swimming. 

If.  E.  Siraas— niiiklieim.  '•  Mi'muiie  siir  los  Cypris  ile  la  cla&sc  ilcs  L'ru."- 
^■«," -Vi'id.  </k  .Vtmil'liijit.mit., Tom  VII.,  IH21.  W.  Zenker,  ••  Moiiofrrapliie  rter 
Blr»ci>ien,"  Arrhir.  fiir  .Wi/xn/ririjA..  Tom.  XX.,  1S54.  C.  Clnus,  "  Ikiitra^ 
i»r  Kentniw  dcr  OKtnicoik'U.  Eiitwickelunir«g«»i'bichto  von  Cypris."  Sfarhurg, 
it'tS.  ('.  Clans.  ■•  Neiic  Ik'<ilj|K'htun(;eii  iiljcr  Cypricliueu,"  iteittrhr.  fiir  iriti. 
til.,  T'lni  XXIII.  ' '.  Clnus.  "Die  Kainilii'  iler  Hulixypriden."  Srhriffen 
mli><)ijK-hrH  Jnliallt.  W'ieii,  1874,  0.  S.  Briulv,  "  .\  Monograph  of  the  Recent 
'Titwh  Ostmcoda,"  Tnttuart.  of  tlm  Lin.  .*w„"Vol.  XXVI. 
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•ko  be  protruded  ;  it  either  ends  in  a  cauibJ  (oik  1 

amd  Cytigrt),  or  iuw  tb^  fonn  of  ii  plate  iirmol  'nitk  sfiim  | 

I  <M  it*  {H—erior  BMgUD  {Cypridiun). 

L — lite    two  |mins  of    anteome  Hre    placed  on 
>  of  tbe  bodr  (fig.  336.  A'.  A'),  aud  are  utted  h^  m(;>| 
kpL     In  Cypridina,  however,  (he  iuit«riur  pkif^ 
w  ytiwiifi  vkli  oUmUvt  hairs.     The  iiuteuiUF  of  the  secoutl  pai:  in 
Cj^ri*  aad    Ciftktrt  resemble   legs,  unci   end    with    !>trong  houkei 
l{r  Wp  uf  which  the  aniuiul  c&ii  (ittm^b  iLself  to  .Min'oundii 
im  lim  exefaudrely  marine  C<fprii{lnulas  and  l/nJuajprid 
■f  ai^^andagM  has  the  form  of  birauioii^  Awisimiiig  f««d 
■  broad   triaaguLir    bii^Al    phite,  a    mnuy-juint^ 
with   long   swimming   »eta%  and    a    ni(linipnt«r 
h«rierer,  t  stronger  in  the    luiile  unil  fiinu<lieil 
I  of  a  (Ottsiderahle  aie. 
Ib  d»  nf^aa  of  the  month  beneath  and  to  the  sidt-  i>f  »  tolerAblv 
fm  1S^  ikut  are  two  powerful  maudiblea  with  a  bruMii  aivl. 
iBOhod  htting  ««](!«.    The   mandibular   palps,  which 
ml  olotifatied,  are  usually  three-jointed  and  am  he  U!i<H] 
l^pi  (M^fy     la  exeeptiotial   oai^es  (Pnmti<urogtoina),  the  nuuidibh 
ai*  ^x&vrm  ami  arv  enekieed  in  a  .snctoriol  proboevifi  fonned 
tWspfcr  aaJ  mdcr  I^k. 

n*  mtaSktm  an  folIoiNd  by  the  firxt  pair  of  maxilhf.  whid 
art  m  afl  mmn  dutiagtii.>hed  by  the  grcnt  deielopment  of  tbd 
and  by  the  redaction  of  the  pnlp.  In  the  (';/yriA 
tyrtfnrfw  the  boMl  joint  of  the  first  uinxilla  beairx  a 
«t«»  plate,  which  by  it«  swinging  movements  aids 
ai  rKfintina.  bat  does  not  it^lf  function  as  a  gill. 
plate  may  also  occur  on  the  two  following  s>pp 
(the  3th  and  iRth  pair>,  which  sometimes  have  the  form 
Jaws,  iwwtrfiwiei  of  tejiK.  TW  anterior  of  the.se  appenduj^ti  (niiucill 
at  tike  dBoood  pair  or  better  maxilli{ied.  fig.  336,  Mx')  functions,  ii 
^'jf^  ehie^  •»  a  jaw,  l«t  bears  besides  the  nidimenUiry  tin>< 
ehial  appcodute.  *  short,  backwardly  dirt<cted.  ii&iinlly  two  jomii 
pal|V  whadk.  howmr.  in  rertaio  genera  and  in  Ualocyprvi  becomni 
shoct.  three-joiated  or  eren  f«ir-joint*«l  log.  In  Ct/thrre  it  oct« 
ckcarvlr  as  a  U^,  and  reprvseuu--  tlie  firiit  of  the  fhr*«  jmir*  of  Iq 
yr«««a(  in  this  animal.  In  the  Cyftn'ditui,  howevtifr,  it  has  romple 
%l»  Kw  of  a  jaw.  and  is  providod  w;*' 


'f^yrulimt  m*ttitfrranra,    a.    Female;   A,  malo.     .V,    fitomnch ;    H.    henrt;    8J£t 
!lor  oanM-'le ;  O,  dye ;  O*,  onjiAirotl  eye ;   0,  lirain ;  SU,  fmntal  organ ;  T,  U»Us ; 
otntinUiry  organ  ;  J/i'/.  mandibular  palp ;  Afx',  first  maxiUa ;  My,  secriud  maxUia ; 
LeandaKurk. 

^ijjfri^  it  ifi  curved  up\vai*iLs,  and  in  funiislied  with  a  short 
^runinal  setae.     It  ha.s  probably  the  hame  function  (Putzfuss) 
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aa  the  long  cylindrical  appeiulage  of  V;/]/ri)liiut,  which  unsea  va  (ib 
of  the  seventh  jmir  of  legs,  alnioist  on  tlie  back  of  this  anisiaJ. 

The  nervous  system  consists  of  a  hilobed  cei«bi«l  gnnglion 
a  venti-al  chain  with  closely  approximated  pairs  of  gnsglin,  wh 
may  itiiite  to  form  a  single  gangliouic  iiias». 

Sense  org^ans. — In  addition  to  the  already  mentioned  olfactorj'  I 
there  Ls   n  median  eye  (C'i/pri«,  C';/there),  conip»)sed  of   twu  (a 
sepajiittMl)  halves;  or  thei-e  are,  in  addition  to  a  small  unpaired* 
two    lai'ger  compound   nJid    movable  lateral  eyes   (Ci/pridian). 
Hnioci/pru    and    CypniliiM    there    is   a    frontnl    apf>eu<Uge,  wl 
pixjbably  fiuictioiis  as  a  sense  organ. 

Alimentary  canal. — The   mouth,  which  U  frequently  {C>;«ru) 
armed  with  toothed  lateiiil  liands,  leads  thnnigh  a  iian-ow  H9iO](li»g 
into   II  dilated  crop-like  portion  of   the  Hlinieutary  canal.    Thi* 
followed  by  a  broad   and   long  stomach,  provided   with   twu  k 

lateral    hepatic    tubes,   wh 
project   into    the    buuell» 
the  shell.     The  anus  o|irtiJ  i 
the  base  of  the  alxlomwi  (ti|.] 
337).      Of    sijet-ial    gUmU  k\ 
elub-sliaped.  dilated  gliiuJnk 
tulw?    (poLson -glands!)   i»\ti\ 
in  Cythcrr  must  lie  meiitiuiiiJ|| 
the  duct   of   which  "ppns 
the  exterior  tliraugh  a  xpinoMi 
appendage    of    the    poc'teria 
aiit«nnie. 

A  heart  is  pneisent  in  ('y>«- , 
dina  aud  HalocyprU  on  the  dorsal  surface,  whera  the  shell  is  < 
nected  to  the  animal.      The  function    of  respiration  is  perfo 
by   the  whole  surface   of   the  Ijoiiy,  over  which    an    unintmiip 
cuiTent   of   water   is   maintained   by  the  swinging    morementii 
the  lonf-shaj>ed  setase  branchial  appendiiges.     In  many  Ci/pridinu 
(Astero])e)  there  is  a    ilouble  row  of    branchiul    tnb««s  on  the 
near  the  livst  pair  of  appendages. 

Generative  organs. — The  sexe.s  m-e  always  sepu-ate  and 
tingitished  li_\  well  marked  ditVeuMices  in  their  entiiv  .structure, 
mules,  in  addition  to  the  greuter  development  of  the  organs  of  i 
po.'vsoss  iij)pii  nit  uses  on  different  ajipenditges — in  Cifprldina  on 
second    antennii',    in    C'l/pris    on    the    maxilliped— for    holdiug 
femalas ;  or  si  pair  of  legs  laiiy  be  completely  moditicd  for  thi» 


Fio.  S37.— AlimentAry  cMUil  nnil  Kcuemuro 
orgaiu  of  n  fomiile  (V)<i-t>  (afl«r  W.  Zenker). 
Or,  cpMpbKKtut ;  i*f',  cnip;  I'.  AComncb  ;  2), 
tnteitise;  I.,  lirsr;  Op,  ovnry  :  i^.V,  mMuclor 
miuclc ;  R  Tocvptaouluni ;  Vu,  tiUva;  ^h. 
ciiiiilAl  fork. 
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pow.  In  addition  a  large  copulatory  organ,  wliich  may  be  derived 
from  a  modified  pair  of  appendages  and  often  possesses  a  very  conipli- 
«led  atnictiire,  Ls  always  present,  'flic  male  genital  organs  consist 
un  eiiliiT  oide  of  sevenil  elongated  or  globular  testes,  of  a  vas  defei-ena 
wid  the  copulatory  organ  ;  the  presence  in  Cyjuris  of  a  very  peculiar 
piiTid  mucous  gland  and  the  size  and  form  of  the  spermatozoa  seem  to 
twwDrtby  of  notice  (Zenker),  The  female  of  Cyprit  possesses  two 
oniian  tubes  which  project  into  the  reduplicature  of  the  carapace, 
^H«  rc<vj>tacula  scminis,  aud  the  same  number  of  genital  openings  at 
tlip  W  iif  the  abdomen. 

BeTelopment. — The  greater  number  of  Ostrncoda  lays  eggs,  which 

'hey  either  .nttach    to  water-pliints   {('i/pris).  or,  as  in   Ci/pridina, 

•arrralioat  with  them  between  the  .sliell   valves  until  the  ynuiig  are 

iiatoJied.     Tlie  free  development  of  CyprU  consists  of  a  complicateil 

■"^IftlUDrplinsL-N.     The  larva-,  when  hatche*!,  pos.ses8,  like  the  Nauplius 

'onn,  only   three    piire    of    appendages, 

""t  arc  Ktrongly  compre-ssed  latenilly,  and 

•"^    nlready   enclosed   in    a   thin    bivalve 

*''eU  (fig.  338).     In  the  marine  Ostrac<xla 

'«e  de\-elopment  is  simplifiwl,  so  tluit  the 

~*<*niorphosi8  is  entirely  a))sent. 

*lie  Ontracoda  feed  altogether  on  uni- 
*l  matter,  as  it  seems  especially  on  tlio 

.  of  different  aquatic  aiiiumls. 
^amerous  foHsil  forms  arc  known  from 
**'no<t  ttll  formations,  but,  unfortunately, 
*•>•  the  remains  of  their  shells  aj-e  pre- 


Fio.  :08.— Very  yintait  Innra  of 
CifyrU.  NnupliuA  Btairc,  with 
three  jjuirt  of  appondairea. 
If,  atonuch  ;  D,  iDtmtino ; 
HU,  ahell  moiiclc :  A',  A",  flret 
nnd  second  imtouDir;  Jf((^, 
munilible. 


f-'tpriditia.  With  heart  and  Innte  movable  pnirol  eye.  With  tleop  cxcjTii- 
'"■■1  in  the  edges  of  the  »hpll  for  the  pasKajfc  of  the  antennse.  The  anterior 
'  'uv  are  dent,  furnished  with  strong  si?l.-c.  and  have  olfaetory  hairs  at  their 
'■ir.iciiiv.  Til"  |insl<rior  antenna:  are  biramons  sivimmiai;  feel.  The  biting 
l*n  c,(  the  mniitlible  !••  weak  nr entirely  »tx)rtc<l  ;  |inl(>  is  tire-jointed,  i>ediform, 
•"J'.l  .Ic  Icnttli.    The  seventh  i>air  of  apjiondnge- in  representctl  by 

'  fy'.:  zfl   a|i|ieiidnee   (I'utjifuRs).     Cypridina    mrditirriima  ("o»ta. 

^Xrrii/i,  uldvii'ju  (ir..  Trieste.     HiiUiryprin  Dana. 

I'jtirrt  O.  Kr.  ililll.  Without  heart.  The  anterior  antcnniE  are  bent  at 
"■■'■   \txm-  and  l)f~<;t   with   short  setje.     The  iKvsterior  antenna;  are  strontfly 

"J  IKid.  witJi  hookK  on  the  terminal  joint.     Three  imirs  of  lep^,  of  which  the 

ill  ;■  ilie  inoBt  .«tron','ly  ilcvolopeil.     The  abdomen  hn»  only  the  caudnl  fork,  of 

"th'h  tlir  two  braiir-heH  are  small  anil  lolK'-like.    The  teste's  iind  ovarie.s  do  not 

/(.•ji- 1  |.-tH,-.-ii  the  lamella-  of  the  caraiwu-e.     The  male  ^enilal  npparntas  lias 

>^  iiiu.  nil.  ■/Iniid.    They  are  all  marine  animals.    The  females  often  carry  the 
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fKv»  a"<1  vmbrros  about  between  tlie  ralvai  of  the  shell  Cpthrrr  tulfm  A I 
Aliilkr,  North  Seas  nnil  Mcititermocati.  f.  ciridin  O.  F^.  MillL,  Xonb  Soft 
Cypr'u  0.  Kr.  MiUl.  With  medivi  eye,  but  no  heart.  The  shcU  nirat 
light  but  sliijujf,  the  anterior  lUitviiDre  have  usuall)^  sctcii  joint-  n-: '  •• 
with  Idiii;  wtje.  The  snteniift  of  the  jciV'nd  jjair  is  simple  ami  ]■ 
iiftually  six  juints.  There  Are  two  pnirs  u{  le^-s  of  which  the  junu-.;"!  -i,'-^- 
|joir  is  bont  upwaiilstowanls  the  dorsal  surface.  The  rauUol  fork  U  rwr  nin-i 
anil  clfin({nte«i.  ami  is  pn">vidv<l  with  hooke<l  *et«B  ut  tin-  (itmil.  Thi;  tw-f^Jiai 
OTnries  pruject  between  the  liunellie  of  the  shell.  The  male  )^:lli(lU  i{<ps- 
mtUK  has  a  peculiar  mucous  );:Ianil.  M<wt  of  them  inhabit  fiesli  «»kf 
^'yy/rM./i/jwnStr..  (\pH>>fra  O.  Kr.  MiUl..  C./xtraUi  Jur.,  nniiotherB.  .>«(«?/»••• 
mfuuiliun  O.  Fr.  Miill. 


Order  3. — Copepoda.  '" 

EnlovuiHram  wit/t  elmu/ated,  iitutiUif  wrll  g^tjntfitt-ftt  body,  n 
»h«U-/oriiiinij  rediipliratitrf  of  the  tkin,  with  hirtunoui  sicimmin^Jfi\ 
tilt  abdomtn  is  without  apjxnulayes. 

Tlie   {^rouji  i>f  the   Copejiodn  iiiohules  a  number  of  vevy  AiSi 
forms.     The  iiun-piinudtic  uietiibers  of  the  groups  ar*  tlistinguiahi 
by  a  constant   niiuilier   of   segments  and    ptire<1   appendogeK. 
immeiims  piniL-^itic  forms  differ  in  viirioits  de^-e*?;  from  tJuw*  wbii 
lea<l    iin    independent    life ;  in  cxtivmo   cuseji   some   of    theui  »re 
tuoditied,  thitt  without  a  knowledge  of  their  development  luid  the 
peculinritieN    of   their   structure,    they    would   rather    be  tjik'"  '■■' 
jmiiisitic  Worms  than  for  ArthrojKids.     The  characterisi ic  swukih:  . 
feet  are,  however,  usually  retiiined,  though  often  reduised  in  nnmber, 
lis  ntdimentarv  or  motUfied  appendafjes.     When  they  are  ubwii'.  ''•■ 
devekipiiieiitHl   history  gives  a    c-ertjtiii    indication    of    the  Coj  j>  • 
nature. 

Appendages.' — The  head  seems  us  a  nile  w  fuse  with  the  at* 
thoracic  .>c;.;iiieiit ;  and  the  ceplmlotliorax  so  forme<l  l>ears  two  p»in' 
of  anterinw,  a  pjiir  of  mandible.s  the  same  number  of  mnxill»-,  »i>J 
four  inaxillipeds,  which  la-st  an- only  the  external  and  internal  bmui'lu 
of  a  single  pair  of  appendage.s  (tig.  341)  ;  and  tinally  the  first  jmii 
s\\-ininiing  feet,  wliich  are  not  unfreijuently  molifie*!  in  fomi 
come  four  free  thoracic  segments,  wu-h  with  a  pair  of  swimniing 
of  which  the  last  pair  is  frequently  reduced  and  in  the  lual*  du< 
be  modified  to  assiat  in  copulation.     Finally,  tJie  fifth  pair  of  fMt 

*   0.  Kr,  Miiller,  '  Kntoinostnica  "i^u  Insccia  le»tHe<:i 
Norvegiie  reperil.  ilcscripsM,"   l.iphiie,  I7)<.">.    .(urine.  " 
Ooni>ve,  lt<2(i.      W.    Lilljitwirj;.    "rrnsiacca   ex   onliniuu-    i.h.m- 
I  i-iLicoila  et  f.'opep'"ln,  in  Scauia  octMirniitilius,"  Lund.,  ISo.'^.     L'.  Clg 
.Murpholotjie  dcr  CopopiKlen,"    W'Srzh.    natiirivui.     /iii'trkr  .  !>*<■ 
"  Die  freilebemlcii  Copepodun,"  I.A:ipng,  1H63. 
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the  corresponding  thoracic  segment  may  be  entirely  absent.  The 
abdomen  a»  well  as  the  thorax  consists  of  five  segments,  but  is  with- 
<mt  appendages  and  ends  in  a  caudal  fork,  the  branches  of  which  are 
famished  at  their  points  with  several  long  caudal  setse  (tig.  339). 
In  the  female,  the  two  first  abdominal  segments  usually  unite  to 
form  a  double  genital  segment,  on  which  the  genital  openings  ai-e 
placed.  The  abdomen,  especially  in  the  parasitic  forms,  very  fre- 
quently undergoes  a  considerable  reduction. 


Fie.  330.— Famale  of  CfdopM  eomufiu,  Heen  Fie.  310. — An  antonna  of  the  male  of 
from  the  ilorral  sarfiuie.  B,  inMstinc ;  OvS,  Cgelopi  trmilalHi.  Sp,  oUactory  hain ; 
ovtesca ;  A',  A'',  Bntwinw.  If,  mnscles. 


The  anterior  antennie,  which  are  usually  many- jointed,  bear  olfac- 
tory hairs,  but  serve  in  the  free-swimming  fonns  for  locomotion,  and 
in  the  male  as  prehensile  arms  for  catching  and  holding  the  female 
during  copulation  (fig.  340).  The  posterior  antenna?  are  always 
shorter,  and  not  unfrequently  bifurcated  and  adapted  for  clinging 
to  Rurrounding   objects.     With    regard    to    the  oral    appendages 
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(fig.  341),  two   toothetl,  usualK-  pilpcsl  ulundihies   are   placed  ^' 
iiMtlli  the  upi)er  lip.     These  function  in  the  free-liviug  C'opepaUi 
nmstieatory  orptns,  but   in  tlie  paruMtic  fonus  arc  iisiiully  tn 
fornieti  into  poiutenl  wtvlifomi    rods,   which    wre  nsed  for  pi< 
In  this  case  they  a.re  fi-ejjtiently  placed  in  ii  suctoiiiil  lube  for 
the  junction  of   the  upper  and  under  lips.     The  two  jiiws  «1 
follow  the  niuiidihle.s  ai-e  weaker  hitinf;  plates,  and  in  the  jartflti 
(UipfjmUi  are  reduced  to  small  jwlp-like  pmtuliemnces.     Tlie 

lipeds,  on  the  contrary,  are  much  Ion, 
they  are  used  to  procure  foml  and,  e6]irtTalIj 
in  the  jjaiusitic  forms,  to  attach  tie  l»>hr, 
The  thoracic  swimming  feet  ron^  of 
two- jointed  btt.sal  portion,  and  two  \\iTe*-< 
jointed  setigeinus  sruimmiiig  i-Miii,  wliick 
are  oompxmble  to  broad  swimming  pUtes, 
In  the   Argulidiv   these   rami   are  much 
elongittetl,  and  by  their  numerous  joint* 
!i]>priiximiiti'  to  the  leps  of  the  Cirnpfiin 
Nervous  System. — In  all  oafres  th«i«is 
a  brain  pving  off  sensory  nerv«».,  and  »l*j 
a    ventral    conl,    which    either    develop! 
some  ganglia  in  its  course  or  L*  coiiivn 
trated  to  a  common  KubcesophiigMi  pa- 
glionic  muss.     Of  seiute  organs  the  me<Ii«n 
fi-ontal  eye,  di\'ided  into  thive  parts  I  Ti 
chips  eye),    is    pretty    generally  prexnt. 
The  tacUU  sense  is  specially  locHlixcd  ■ 
the  setw  of  the  anterior  antennif,  tmt 
pj-obably  also  present  in  many  othrr  part* 
of    the  body.      Olfaetory  hoii-s  an>  pi 
sent   as   delicate  ap{)endages   of   the 
ten'or  antenna-,  principally  in    the 

SOX. 

The  alimentary  canal  is  rlividnl  inl 
a  short  narrow  ujsophapus,  a  ^idr  <i 
luach  wliich  often  lias  two  blind  diverticula  ne<u'  it.M  iiiiuna* 
ment,  and  a  narrow  rectum  which  ojK'Us  on  the  dorsal  surface  erf 
last  alxloniinal  .segment.  Tlie  surface  of  the  intestine  often 
to  perform  tlie  function  of  a  uiinary  organ.  We  fiml,  ho' 
at  the  same  time  a  shell  gland  in  the  cephalo-thurax  at  the  ^deti 
the  mnxillipeds.     In  all  cases  the  whole  sui-face  of  the  body  perfi 
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rio,  Sil.  — Mouth  pun*  of 
Cfdops.  if,  Mandiljle* ;  Mx, 
nuuillii;  Kf^  interna);  Xf, 
uxionuil  uiAxilli]ieil. 
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rttpiratory  function.      Circulatory  or^ns  are  either  i-eplacwl 

the  regular  oscillations  of  the  intestinul  canal  {(';/cIojm,  AcfU/ieres), 

'  there  is  present  in  the  anterior  part  of  the  thoiux  above  tlie  inte.s- 

Be  (Cfilnnitia:)  a  short  saccular  heiii't,  which  may  even  l)e  cotitiiiiU'd 

(I  cephalic  urt<>ry  {CnlnneU/i)  (fig.  53). 

'  Generative  organs.— The  Coprjxxia  ai-e  of  .separate  se.\es.     Both 

atls  of  genitjil  oi-pin.s  lie  in  the  cephalothoiux  anil  in  tlie  tlionicic 

dents,  an<l   open   right  and    left   on  the  hotml  Kegment  of   the 

aen.      Sexual   dirterences   in   the    form  and   .stnicture   of  the 

Sei-ent  part«  of  the  body  are  almost  uniformly  found.     These  lead 


-MetainoT]ihc«U  of  Cfrlojn.  a,  Nanpliua  larm  of  CueUpt  lerrmMiu  ittur  hatching. 
Older  atMge  Birongty  mni^ificd.  c,  V'vy  ynnnu  Cyclops  form.  AD,  aiiLennftl  frlawU ; 
01,  upper  lip ;  Iff,  mAndibiilnr  foot ;  Jf</,  muntliblt* ;  J£(,  maxillu.  ifx/,  m&xiMt]H.-d  ; 
/*,  .P',  fiivt  and  Moind  awiinmine  feet;  ifc,  luiuar^  cuucrodoDii ;  i>,  luteAtino;  JJ, 
leotwn  i  ^,  aau« ;  O,  ruclimsntary  genital  organa, 

cei-tjun  para-sitic  Copejtcxla  {i'hotidrttearUfu'dn-,  I^m(vo}XKliilce)  to 

extremely   striking   ilimorplibyn.      The   males  are   sDjaUer  and 

Bve  with  greater  facility ;  the  anterior  antennw  and  the  last  pair 

feet  become  aoces-sory  copulatory  organ.s,  the  former  serving  to 
lid  tlie  female,  the  latter  to  affix  the  spernmboj>hoi-es.  The  sper- 
ktophores  ai«  formed  in  the  vas  deferens  Uy  n  nnicous  secretion 

ich   surrounds  the  seminal  ma.ss  and  hanlens  to  a  tough  niem- 

ae.     The   females  are   larger   than  the  males  antl   often  move 
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more  chimsily ;  they  cany  the  enp<  nlxrnt  with  them  in  bus,  ] 
to  thi>  right  uiid  left  on   the  lilHlumeii.     ilauy  of  tLem  ]tut*»t 
cement  gland  ut  the  end  of  the  oviduct ;  tlie  secretion  of  this 
piisseH  out  with  the  eggs  ami  givRs  rise  Uj  t he  still'  coxering  of  i 
ovLsatrs,     During  copulation,  which  is  only  an  exterruil  appni.ximsti 
of  Hie  two  sexes,  the  male  fiuttenii  one  or  more  spemuitophons^  on  to 
the  genitnl  segment  of  the  femnle,  and,  indeed,  on  t<i  spet-ial  opeirin 
thiMUgb  which  the  spermatozoa  pass  into  the  reeept«ciiluui  #eniii 

and  fertilize  the  ov>i  either  «ritl 
the  Ixxly  of  the  motlier,  iir  u 
JM1.SS  out  into  the  developing  ovm 

Development  takes  |ilace  l<y  taeuif 
of  a  i-<mip]icated  metiunorpiL<xiA 
whicJi,  in  nmny  [Niiusitio  forini,  6 
a  reti-ogrnde  one.  The  Unw,  wh 
hatched,  have  the  Nauplius  fa 
with  un  unpuii-ed  frontal  eve 
three  ])ivirs  of  appendage:^.  Ilixik* 
setH>  on  the  second  and  third  |»i 
of  appendages  serx^e  to  conduct 
food  into  the  month,  which 
coveixvl  by  a  krge  upper  lip  {i 
342,  »).  The  jwsterior  region  of  I 
lioily  is  destitute  of 
and  termimites  with  two 
sides  of  theantts;  it  corre(>pon<U  I 
the  thonix  and  abdomen,  which  i 
as  yet  undiii'eivntiated. 

Tlie  alterations  undergone  br 
young  lana?  in  the  course  of  Iba 
further  gi-owtli  aj-e  connecici  "id 
ft  number  of  suoceKsive  moults  i 
consist  principally  in  an  eloiij 
of  the  body  and  the  appenrmixv 
fresh   apjiendageh.       Even    in  the   next   larval    sluge   (fig  342, 
a   foui'th    pair  of  appendages,  the   futiu-e   maxilla*,    makes  its 
pearance  behind  the  three  original   pairs,  which   develop   into  14 
antenjin*  and   mandibles.       In  a    Iat4»r   stjige   thj-eo   fresli   pttv 
appendages  are   forme<l.      Of   these   the   first   corresponds  to  til 
maxillipedti,  while  the  two  last  pairs  represent  tho  tirst  ruiliiiie<)(| 
of  the  anterior  swimming  feet.     In  this  stage  (^Sfetananjtliiu)  (i 


1*1 


Fig.  S43.— MetHimapllaii  uf  CfeloyiMf. 
O,  eye ;  f^,  rudinienuir^*  (rcnilat 
orgniu:  SD,  aiiu-uiisJ  g\mid;  A', A', 
aiit«utw ;  Mil,  iiiftuiUlite  ;  Mx,  vans- 
Ula ;  Uf,  maxilliiicd. 
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43),  the  Iftrva  still  i-eseinhle,-*  a  Nauplius,  and  it  is  only  after  another 

Jl  that  it   is  transforuie<l  into   the  first  Ci/clopn-like  form.     It 

tWn  resembles  the  luiult  .inim.-il  in  the  stnirture  of  the  iiiitenme  and 

momh  parts  although  the  number  of  the  appendagex  and  the  IkmIj 

rili^  ii  .smaller  (fig.  342,  c).     The  two  last  piirs  of  appendages  alreaily 

Wv*  the  form  of  sliort  bininious  swimming  feet,  and  t!ie  nidiinent.s 

d  llie  third  and  fouth  pill's  of  .swimming  feet  have  made  their 

ippainince  as  projections  beset  with  .set«.     The  body  coD.s-i»ts  in  thiii 

<ip  of  the  oval  cephalothoraJC ;  the  second,  tlvinl  and  fourth  thonu-ie 

Npiietit«;  and  an  elongated  terminal  portion,  wiiifh  gives  rise  to  flie 

lut  thoracic  segment,  and  to  all  the  nb<lominal  segments  by  a  pro- 

L  jpmave  aegment^ition,  and  already  terminates  in  the  caudal  fork. 


M*.  -jUtirrn  firrnmm.—a,  NHupliiu  form,  b.  Larva  in  the  jrouni^eM  Cyclop*  nuge ; 
•V.  Sf,  maxilH[>e<U.  c,  Femala  accn  from  the  ventral  Biile.  Or,  Orarien ;  KB,  cement 
Vlmli.    i.  The  umaller  male  Men  from  the  tide  ;  JUV*,  Xjf",  maxillipeilii. 

jtiiriy  fomjs    of   parn-sitic   Copepotla,  for   e.\aniple  Lemanlhropm 
•d  t'lioiulmicnut.htiji,  do  not  get  lieyond  this  .stage  of  body  segnienta- 
B,  and  obtain  neither  the  swimming  feet  of  the  third  and  fourth 
nor  a    fiftli  thoi-ncic    segment  seiNinite  from    the  stump-likrt 
**>domen :  othpi-s,  for  oxaniple  A'-ftlhereJi,  l)y  the  loss  of  the  two  aiiterioi- 
iin  of  swimming  feet,  sink  >mck  to  a  still  lower  stage  (fig.  344). 
All    the    non^parn-sitic   and    many  of  the  pirasitic  Copepoda  ptms 
the  «acMW(sive  moults  through  a  lai'ger  or  smaller  number  of  de- 
liopmental    Htagea,    in   Nvhi<'h  the  still   undeveloped    segments   and 
make   their   Mpj.(Ciiriinoe,   and    the    apjiendages   already 
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preseut  undergo  fiirtlier   segmeutation.     Mmiv  {wiusitic  C« 
however,  jjass  over  the  (series  of  Naiipliiis  foriiLs.  mul  the  l^H 
soon  a.s  hatche«l,  iui<ier);i)e»   ii  moult,   and    appears   at    oim'c  m 
youngest    CyclopK   form,    with    oiitennie   lulapted    for  adherin^r 
mouth  parts  for  piercing  (tig.  344).     From  this  htage  they  lui.ln 

a  iTetrngi-esfdve  metamur])lio 
in  whirh  they  become  att 
toahoKt,  lo.se  mope  or  less  f 
pletely  tlie  segmentation  of  { 
l)ody    whifh    grow*   irreg 
in  shajMj,  oust  off  their  »thtB 
miiig  feet,  and  even  ]nm  the 
eye,  which  was  on'giuallv  |i| 
sent       ( Lcmcevjioda ). 
maJAs,  however,  in  s«ich 
oftiMi     remain     smjill      hi 
dwarfed,    and     ndheiv 
quently  more  tluui  one)  fir 
to  the  Ixxly  of  tl.. 
the  i-egion  of  tlie  ^' 
ing  (tig.  345). 

In  the  Lerwa  (Aft' 
Kuch  pigUiV  imile*  were  for  « 
long  time  vainly  sought  fur 
upon  the  very  ]Mvii!-iv'' 
shnjied  l>oily  of  t  he  largo  t  ; 
(tig.  346,  c,  ♦/)  which  r.irn-- 
egg  tubes.  At  liusl  ii  »■» 
diseovertvl  tluit  the 
(■vclo]>8-like  uinlt^(tig.  St*!.  «S 
leatl  an  indepejideiit  lif**. 
swiui  alxiut  fi'eely  hy 
(if  their  fnur  pairs  <«f  ''TB 
ming  feet ;  and  that  tlir 
mal«ti  (fig.  436.  b] 
CDpulatory  stage  reseiuWi* ' 
iiiale^i,  uiid  thut  it  is 
after  ci>pulntinn  th»t 
(the  females)  brnim 
and  uiidergii  the  ' 
increiuie  in  tuze  and  nioditicntiun  of  form  which  cliantoteii<«'  t^ 
'emale  with  egg-tnlies. 


Fio.  M«.- The  two  »exuiil  lUiinuU*  of  CkamlTn. 
nnHmt  gilAonf  ninpiiflci  aJxiui  six  dii<met4!n. 
K,  Female  »eon  tmrn  the  «irtej  4,  from  the 
veiilrni  surface  irith  mlherinK  mule ;  <•.  male 
»tronijl.v  in«i,niifltHl.  An'.  Anterior  anteunir; 
Am",  uitcimii-  for  nllnfhiuont ;  F,  P",  llie 
two  iMiir*  or  feet;  A,  eye;  Oc.  eifg-tnlwn  . 
Ot,  (FM>r>lininu> :  2>>  int<>«tinr ;  X,  monUi 
pATt* ;  r,  tvntifl ;  t'lf.  raft  def^reus ;  8y, 
(psnnatnphnni. 
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1.  Sub-order:   Encopepoda. 

Copepoda  with  swimming  feet,  the  muii  of  which  iire  iwo  or  tlireo 
jointed.    They  have  biting  or  piercing  and  sucking  mouth  parts. 
,J,  Onathostomata.     For  tlie  most  jwrt  non-piii-a-sitio;  onti  appsinitus 
yi  fill-  iii:isti<rjition  ;  fulh'  segmentecJ  Imiiy. 

Fim.  Cyelopida.  Mostly  {rcsb-watcr  anininl^s,  without  a  heart,  and  with  a 
«iii|J«(rje.  The -iccond  pair  of  nntenme  are  four- jointed  and  never  bimmons. 
Die  feet  iif  the  fiftli  pair  are  rudi- 
'  in  both  sexes.  The  mnli; 
'■pkiyj  the  anterior  antenme  for 
pt^bcnaion.  Oyclopit  rtirniuifnit 
'V,  Ciitti<ieamj>tUji  minntu*  Or., 
liarfaftifHs  chfUfcT  O.  Ft.  Miill., 

-Vonh  Sv», 

Kam.  Ctlsaid*.  The  anterior 
•oteiiiiK  arc  rcry  long,  only  oui; 
"'  thcai  ill  niodiSeil  for  prehension. 
'^  poaterior  antennx  arc  hirn- 
''**U».  Heart  always  present.  The 
*et  of  the  lifth  pair  are,  in  the 
•■•It  modifiwl  to  a«ist  in  copula- 
•••n.  Giochilst  trpteti  triimiiU' 
yood*..  t/iaptomut  rattor  Jur. 
^^truji  Ptitrrfttnii  T'^nipl. 
Kuii.  Rotodelphyidv.  Structure 
r  like  that  uf  the  rycU'piiicr. 
IKnterior  antennx  modified 
attjK'hmcnt.  The  two  last  tho- 
ic  &n;tneut»  are  fused  in  the 
( and  form  a  lirood  i-anty  for 
cption  of  the  egg«.  They 
^  tn  the  branchial  cavity  of  .\s- 
■  iuiK      .\'iit4tdrlpkyt  aijUiit  Thol. 


3.   Parasita*  (Siphonosto- 

**'«t»).     Mouth  part*  mlapted 

*f    piercing     iind     sticking, 

l^aliy  with    inooiujjiete  rieg- 

ion   of    the    body   and 

IKcnl  aixloiDen. 

The  {(oxterior  aiitennK  and 

*>UxiUipedt<    end   H-ith    hook.s 

W   .Httuchment.      Some      of 


Fic.  iVi.—Lrrmfi  hnmehiati:  a,  Male  (alicut 
2  tu  a  mm.  long).  Or.  Ky<? ;  O,  brain  -,  T, 
lenit :  M,  stomaoh  ;  F'  t«>  F'',  tho  fonr  pairs 
uf  Avrimming  feet;  ^;i,  apennatopbore  snc.  b, 
Keioalc  (5  lo  6  mm.  long  At  tho  time  uf 
cupuliuiriii).  A',  A",  the  two  pair*  of  »n- 
i4<anir ;  D,  intestine ;  M,  proboacia ;  M^, 
maxillipud.  c,  female  of  t^rn^a  ftr«iiM«iW» 
after  ropulatiou  uoderf^inff  metamon'l^'*'^  '* 
d,  tbe  aaoe  with  egg  aaoa,  natural  aUv. 


I 


!•  and  Liitken   l.a  compare   A.v.   Kordmaiin.   "  Mikro- 

Saturgeschichto  dcr  wirlwUcwcii  Thicru,"  Berlin,  IHS'J. 

jieibnug  ciniger  tivuen  uiid  weniK  bckaiintcn  Schmarot- 
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theni  still  Kwiin  freely,  but  luost  of  them  lire  on  th«  gills,  in 
phur^Tix,  anil  on  the  outer  skiii  of  fishes.      Some  live  within 
ti.'wues  of  their  host  (Penellu),  anil  noinnrth  theinselves  on  th<>  Ma 
and  juices  of  the  latter. 

Fam.  Coryeanda.     Anterior  antennie  »liort.  few  jnintcd,  adi]  sim   ;i         •  i1 
(CXus.     The  |MJSt<Tior  antcnua;  unbranchwl,  with  c?lns|iinp  hooks,  u-i  >       .  '  fl 
ent  according  to  the  »ejt.     Muuth  itarts  often  arran(K-d  for  jiiercing.     > 
eye  anil  lateral  eyes  nfleti  present.     They  live  partly  as  tempoiarr  f.B- 
GtryrirtiM  rlongalii*  CI*..,  Stipphirina  ful^eHt  Thom|i6. 

Fam.  ChandraeantliidiB.     ftody  vloninttcl,  often  without  distin 
tipn,  and  fiimisheil  with  pointeii  oatjfrowlhs.     AWomcn  stump-liVe.     \'    ' 
anterior  fiair  of  swimming  feet  are  reproseuti-'d  liy  bifid  lobe*.  ihiM'tV.  : 
wanting.     There  in  no  suctorial  prolxwcis,  tin."  mandibles  are  siclclr-  ■ 
pear-sha|iod  malcM  are  small  and  dwarfed,  and  attaobod,  often  in  ; 
body  of  the  female.     ClioHtlraaiHtkuM  gihboKut  Kr.  <on  I^phius).     t'k.  evr^tit 
O.  Fr.  Mlill.,  on  flat  fish  (Pleuronwtidir}  (tig.  :«5). 

Fam.  Caligida.  Rody  flat,  with  shield-like  ecpkjiUthontj;  and  vcir  Iwfc 
genital  si-imiont  which  in  the  female  is  e«|ieciallT  swollen,  Atxlnnwn,  oo 
the  contrary,  is  small  and  more  or  less  redgced.  There  is  a  suctorial  tQt<»nd 
stj'lifonn  mandibles.  Four  pairc<l  biraraous  swimming  feet  enable  the  animil 
to  swim  rapidly.  They  live  on  the  gilLs  and  the  »kiu  of  marine  fish,  and  tbe 
females  have  long  string-like  egg  tubes.  Caligvt  rapoj-  Kilw.,  Ovrvjit  LdtmlUt 
Jxavch. 

Fam.  LenuBida.  The  body  of  the  female  vermiform  or  ivd-ahaped ;  nstis- 
mentcd,  with  outgrowths  and  procesntes  on  the  head.  Mimth  parts  pitrciat 
with  suctorial  tuW.  There  are  four  pairs  of  Bmall  swimming  foet.  The  ieniaio 
become  atlttchiil  to  fishes,  in  which  the  anterior  ]iart  of  their  l>ody  i>  boivi 
Lirnieiieura  rypriHarra  L.,  Pem'Uti  xagilla  I4.,  Lrmtra  hranfhMu  L. 
(fig.  .146). 

Fam.  Lenueopodida.  Dody  separated  into  head  and  thorax,  ahiloars 
rudimentary.  Moutli  \xix\ji  piercing  with  suctorial  tube.  The  extumai  tnaiill'* 
peds  attain  a  considerable  size,  and  in  the  female  unite  at  tJieir  points  K  vt^ 
form  a  single  organ  of  attitohnicnt,  by  means  of  which  the  animal  iMlUTf 
permanently.  Swimming  feet  eomjilelely  absent.  The  males  which  ur  n»> 
or  leas  dwarfed,  have  large  free  cla/spin;!  fe«t,  and  are,  like  the  females,  will*" 
swimming  feet.  ^IcA/AcrM /»«•/•<»(•«(«  Nordm.  (fig.  344).  .1  nehorrlUt  »*ttt<t 
O.  Fr.  Milll.  (on  si>ecie8  of  Gtuliu). 

2.  Sub-order:  Branchiora.* 

Carp-lice.     Witli  large  compounil  eyes,  and  long  protni.'dhl''  <piii»1 

in  front  of  the  suctoriul  tnlje  of  the  mouth  ;  witli  fotu  javirs  of  cloo'j 

giited  bininioiis  swimming  feet. 

icrkrebse,"  .Voro  a</«  Ae.  Ort.  Lrop..  Tom  XVII.,  18.15.    (',  ^-.ti<i 

Bau  uiid  die  Entwickelung  von  AchthcrcB  pen-arum."  Zril' 
1861,     C.  Clniw,  "  Beobttchtiui!^-u  iitier  Lcrnasocem.  etc.,  M.i 
*  Jurinc.  ■' Memoirv    snr    I'.^rgnlc    foliace,"     Annatet    <■ 
mat.,  Tom.  VII.,  18()6.  Fr.  Uydig,  '•  Ueber  Algidii-  •    " 
ZeoL,  Tom  11.,  ISi'iO.   K.  Cornalia,  •'  Sopra  urta  ni:  fo"'' 

tomi,"    Milano,  1860.    C.  Clans,  •' Oetier  die  En;  .  .n  .jrfj 

■ystematische  tttellnng  dcr  Arguliden,"  Zeit-iteUrfiir  win.  ^Sui'i.,  iam  XXV,  i^^ 
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Tlie  Branddvrn  are  often  placed  near  the   Caligida,  but   they 

difo  from  theui  and  inna  the  tnie  Copepoila  in  several  essential  par- 

luiil»ts.    In  the  ^neral    body  form    they  certainly  i-esembie   the 

i'ttlijnl(t  excfipt    in  the   ab<Ioinen,   which    is  split  into    two    plates 

(oaajiil  tins).     Their  internal  structure,  however,  and  the  structure 

of  ihe   npjtendages   dixtin<<iiish    theui    from     the    iiliove-nientioiied 

[Mrssitir  CrusUtcat.     A  birge  suctorial  tube  projects  abo\e  the  mouth, 

ud  in  it  are  concealed   tinely   serrated   mandibles  and   Ktyliform 

iiuiiiilln'.     A  little    above    this   ])i-ol>oscis    there   is    insei-te<l    a    long 

nlindiical  tube,  which  terminates  in  a  retractile  styliform  spine,  and 

(ontiuiis    the     ducts    of    a 

pur  of    glandulai'     tul)es 

siM  l«  be   poison   glands. 

Pipwerfnl  organs  of  attadi- 

ttenl  are   placed   on   ejich 

niiie  of    and    beneath    the 

niuuth ;    they    oonswt    of 

t»v  [larts — (1)   of   an   an- 

Iterior  jjaii-   of   appendages 

*liii"b    coiTcspond    to    the 

•fit^rior     maxillipeiLs     and 

*"  m    Arguing    modilie<l 

'Wo large  -fucking  discs,  the 

I      li'iok-litMring  terminal  por- 

I      tinu  being  rwluced  ;  and  (2) 

I      "f  II  (losterior  pair,  which 

">n'espotid,s  to  the   second 

j      l^ir  uf  nmxillipedK,  and  Ls 

I"^n(l<<<l     with     numerous 

•■piiift.  on    its    broiid    basitl 

P'^Ttion,  a  tactile   protulie- 

f-iice  nnd  two  cur\-ed  termi- 

"*!  ddws  at  its  extremity. 

•^m  to  tliesc  «ime  the  four  paii'ed  swimming  feet  of  the  thoracic  re- 

fwii,  which,  with  the  exception  of  the  last,  are,  as  a  nile,  covered  by  the 

•do,  of  the  cephalo-thonicic  shield.      Each  of  these  consists  of  a  large 

Buiny-jdinUil  Imsal  jKjrtion,  and  t  wn  much  nuiTower  rami,  which  are 

bft«l  with    long   swimming  setje  and  in  their   form  and  setigerous 

invtrtmeiit  are  not  unlLke  the  biramous  apjwndages  of  the  Cirripedia, 

hting  like  them  derived    from  the   Cojiepoil-like   feet  of  the  larva 

■■  '*»   ^^^- 


Fir..  347.— Tonn?  male  of  Ar^nlMM  foliaeeu$.  A\ 
Anterior  ftuteuiife ;  S*/.  backer  (anterior  maxilli- 
peil):  Sf,  maiillir>e<l :  Sf,  nwimming  feet, 
S,  nMtrutn  ;  St^  aplno  ;  D^  intcntine ;  T,  I 
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Tlie  intefnni   or^iiniEatioii   reoills  thi»t  of  tJie    Phyllopudji. 
nervous  system  is  <iit5tiugiiLshe<1   by  the  gi-eai  tdze  of  thf  wreM 
giinglion,  «jul  by  the  ventiwl  cJiniii  coiupcised  of  six  oloselv  uptn 
united  giiuglia.     In   suldition   to  two  lur^>  coai]iound  lutem! 
there  Li  pre^<ent  aw  unpaired  tri-lobed  median  eye.     The  alimentl^^ 
oanal  coiiKiKts  of  a  shoi-t  urclied  aM»ndingip>ophagii8,  »  wide  htoiuiorl 
with   two  lateral   nuuilieil  Hppeudiij.'eK,  and  a  rectrnn    which 
directly  backwrards  and  opens  to  the  exterior  in  the  niediim  indenN 
tion  of  the  OMuda!  fin  above  the  two  plates,  which  oirresjjotidl 
caudal  fork.     There  are  two  lateral  slit-like  H}>ertm-€s  in  the! 
and  a  long  aorta.     The  entire  mirface  of  the  cephnlothomx  fnoctiuiv 
SM  «   respiratory  organ.     Theiv  seem.s  however,  alwuvs  to  be  IJ 
.specially  ■■tiling  cniTent  of  MixkI  in  the  caudal  tin,  so  that  fbi'  psirtj 
of  the  lioily  uiiiy  be  regarderl  as  a  sort  of  gill.  I 

Reproduction. — The  .small,  more  agile  male  poi«e&.-«  i  ^^J 

latorv  iipiteiidiigcs  on  the  |x>steriur  Kwininiing  feet.  "^^1 

not  carry  their  eggs  about  in  saot  in  the  typicn]  Copepod  niMinrM 
but  fa-sten  t  heni  to  surrounding  objects.  The  \'itfllint?  memhraDC  i/l 
the  deposite<l  egg.s  awjuii-es  m.  vesicular  cmisistence.  The  vniuj^  *r*  \ 
hatched  as  hirvie,  and  undergo  a  metamorphoKiti.  I 

Ksiii.  Argnlidn.  OBriJ-lice.  Argulv  O.  Fr.  Mull.  The  «nttfrif>r  jair  <  | 
miixilli[ic<l.s  iiiii<)iti('it  into  large  muckers.  Hiure  is  .i  stylif'irin  <]<inr  ■iii)»riliiv  J 
A.foliariMn  I..  (Puu  tic  |>oiii»<iiiK,  Bnliincr)  |iarasitic  on  >  "MH 

A.  corc^iiMi  "XhoT.,  A  ffigiihltut^M':.,  (ryrnjifltiA  \Ke\l.     1  "^^H 

clnw  ;  styliform  rpinc  abnunt.     (i.  KnlJari  Hell,  pttmsitiv  <tu  Uit  ItaitdMff 
UjidnM-yi>n,  Brazil.     G,  Dnraiiin  Corn. 

Order  4. — Cihripedia.*  I 

Fixed,  aiidfor  Uu  mo»t  part  fiernMphrodite  Cnmtaeta  toitk  ifiiH^J 
tinctlt/  smjmaUed  body  encloted  by  a  redtijAication  of  lK*  «ih°«i,  (misl 
calcnreo\us  mdoed-  thell.  A»  n  rvlt,  Uiere  are  gix  pairt  (^  liinuMui 
thoracic  appendages.  J 

On  account  of  the  rescmbltuice  of  their  shell  to  that  of  the  tnii9<l^l 
the  (Jirrtpfdia  were  held  to  be  Mollu.scs  until  Thouip«oii  «»ll 
Burmci.ster,  by  the  di.scovei-y  of  theii- larva',  satiBfactorily  pro\oi  tlutl 
they  belong  to  the  Ento-mottraea.     They  are  enclosed  in  u  ain*el- 1 

•  Conmare  S.  V.  Thompsoii,  •'  Zoological  researches,"  Tom.  I..  I8SJ.  fl-J 
Burmeistcr,  "  BeilrH)rc  xur  Nnturgcsi-hirlitc  <ler  KRiikcnfil»*!p»."  )<(35.  f%l 
Darwin,  "  .A  mono^ajih  of  tlie  Sub-tllass  i  irri|.c<lin,"  2  vol.,  I  "1 

A  Krcilin,  '•  IJeoliacliluiip/u  iilier  die  Knlwicktliing  der  Ci;  'I 

/ilr  Kaluri/t'tch  1»60.     C.  Claus,  "  Die  Cjpris-iiliuliclie  Ijirvc  m    >  iin|--..viii  I 
etc"  Marliurg,  ltlii9.     B.   KoBsinauu,    "  Suctoria   und   Le^adiua,"   \Vilnbta|i  I 
,  1878.  d 
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like  shell  cou)])ot<ed  of  several  (4,  6  or  more)  pieces.     Tlieae  pieces, 

»Jiich  nriginaW  by  the  deposition  of  cHlmreous  matter  in  the  chi- 

tuiou*  ixuPiiniL'  of  a   liirge  reduplicatuie  of  the  skin  (niiuitle),  are 

ili»tin^nii»hetl  ii/s  tciUa,  Utrga,  ami  carinn.     The  aniinitl  is  iiivaiiably 

fijted  liy  the  iuit«rior  end  of  the  bead,  which  in  the  Leptuliiltr.  (fig. 

34J^.  o)nuiy  lie  rlniwn  out  into  a  lonp  stalk  projecting  freely  from 

'•lie  Jiell.    In  the  JinhmUhF,  which  are  witliout  the  stalk  (fij;.  348,  6), 

the  lody  is  rtin-oundeil  by  an  extemnl  calcareous  tube,  nsually  com- 

l«*ie<l  of  Hix  pieces;  the  ajK-rtiire  of  the  tube  is  close.!  by  a  wirt  of 

«T«rralniji  formed  of  «ileai-eous  plates  lying  iu.side  (fiy.  348,  /<).     In 


•taft :  r.  cariiiii ;  Tr.  lorvnin  ;  Hr,  •cnliiiii ;  Uk,  or»l  cone  ;  >',  csuilal  fork  ;  P,  cirru*  or 
^sto  I  jr.  miiKlv.  (.  Balanmt  limtinnalii'Um  (itf ter  i.'b.  Dvwin),  uim-hair  of  the  abell  bu 
ktm  imunrt*! ;  n,  S«ctinii  of  th«  ciut«r  dhell  i  Oc,  ovary  -,  Oii,  nviilact ;  0»,  opanioff  of 
OTIduct ;  .4i,  iHlrlncuir  miurlo  :  Sr,  (ciituni .  Tr,  Icrgnm  ;  A',  «ut«rlor  antenna-. 


tlie  attachment  is  effected  principally  by  the  hardening  of 
f  HPni-otifin  of  (he  so-calletl  cement  gland,  which  opeiw  on  the 
iiltiniate  jiiint  of  the  small  and  delicate  anterior  antennae ;  thiH 
it  lieiug  dilated  to  form  a  oori  of  sucker.  The  body,  which  is 
lundal  by  the  mantle  and  its  shell-platew,  lies  with  its  hinder 
•tretched  npwariln  so  that  the  appendages,  which  are  ut>e<l  to 
Quue  cnrrentB  in  the  water,  may  lie  protruded  from  the  slit-like 
>f»ee  li'ft  <.iri  the  vent  ml  ^i<le  lietween  the  pniretl  scuta  and  terga. 
ndag^es  and  external  features. — A  hea<l  with  antennn  and 
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jnwsciiu  be  (listinguLsbeil  fi'oiu  the  region  of  the  liody  (thorax)  beuin 
tlie  bimniuus  appendages,  but  thei«  is  no  (iistinct  )>oiindan'  i 
thexe  two  reffion.s.     The  anus  Ls  sitimted   at    the  extreniitv  of  tfe 
xmult  Ktuui]>-like  ulMloiuen,  wliich  .sii(x*eedi>  the  thorax  and  i>> 
only  indiciitetl  liy  two  caudal  appendages.     Posterior  antetin»  are  i 
\nirialily  absent,  wliile  the  Hiiterior  paii-  pei^ists,  even  in  the  nilult. 
small  orgaiiK  of  nttatdtment.     The  oral  apparatti.s    is  situateil  on 
ventral  proininence  of  the  cephalic  re^oa,  and  con.«i8t6  of  an  n]^ 
lij)  wtli  paljis,  two  inandible.s  an<l  four  mnxillH',  of  which  the  twr 
last  unit-e  t<>  form  a   .>ort  of  under  lip.     On  the  thoiax  ihpns  iw 

usually  nix  pairs  of  many-jointd 
bii-auiou»  appendagcti.  the  elongswd 
cu'i'iforui  inmi  of  wiiich  ai-n  ricUy 
hexet  with  hairs  and  tetit  ui 
serve  to  set  up  nurents  in  th» 
water  in  which  the  particle  iit  food 
are  brought  to  tlie  H&imnl.  TV 
stunip-sluiped  abdomen  hau*  u 
elongated  ciiTu-s,  which  i»  beiit  to- 
wards the  ventnil  surface  betw«« 
the  thonicic  appendages,  and  coo- 
stitut«is  the  male  copulntorr  orpoi. 
Theiv  are  numerous  and  very  pwn- 
liai-  variations  in  the  shH|ie  nf  ibt 
whole  lioily.  Not  only  may  the  Af 
p<j.-.ition  of  iiilou^eous  mutter  in  tl* 
mantle  be  wanting,  aixl  the  bin 
mous  thoracic  appendages  he  reduced 
in  number  or  even  aK-*etit,  hut  lb* 
mouth  parts  and  tlio  appmda^ 
may  also  be  lost  {Ptltogattridt), 
and  the  bo<ly  may  Ih>  reduofd  W 
the  form  of  \\\\  iinst<gmenteil  tul», 
8«c,  or  loVied  disc. 

Kervoas  system  and  lenN 
organs.— Tlie  Cinipe<U«  possess  a  paii-ed  cei^bnd  ganglion  mA  * 
ventral  ciiuin  of  giinglia,  of  which  there  are  usiuUly  live  purs,  M 
which  are  sometimes  fused  to  a  common  ganglion  maxs  ( Biilitnda]. 
There  is  u  double  eye,  whioli,  although  rudimentary,  rorrssjwtid* 
to  the  unpaired  Xiiuplius  eye. 

Au  alimentary  canal  is  absent  only  in  the  RliiiWffJuiln.     In  ili* 


Via.  S4a.— The  orpuiiiation  of  JU^xw, 
After  remoTRl  af  the  iuu^K"Inen1. 
IM,  Cemsiit  kI^uiI  anil  duct;  L, 
Urer ;  T,  t4WliB ;  I'll,  viia  deforeiiH  ;  Ov, 
0vBf7 ;  Oi,  oviduct ;  <y,  Ihonicio 
•ppendaRM.  Utlmr  Ictten  u  in 
«K.M8. 
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l^padida  and  the  liahmi/l^,  the  iilimentiir}'  cautil  confdKts  of  a 
tmxrvm  n«opha^8,  u  saccular  dilat-ed  stomiwh  provided  with  Keveral 
f*cal  (hejxttic)  diverticula,  an  elonpited  cliyle-fonning  intestine,  and 
n  ^hort  rectum,  which  is  only  sometiiues  clearly  marked  off  from  the 
intestine  (tig.  349).  The  Rhizocej^hulu  (fig.  354,  «),  whicli  are  w-ith- 
ont  iin  aliment.ir\'  canal,  jx)sse>>s  i-oot-like  proces.ses  of  the  paren- 
chyma, which  ramify-  in  the  vLscem,  especially  the  liver  of  Decapods, 
■nd  ab»irb  fiom  them  endosmotically  the  nutritive  juices  (as  in 
Andnfiiul). 

•Sfiwwl  glandular  organs,  the  so-called  cement  glands  (peculiar  to  the 
f  irripedui),  upen  on  the  sucker  of  the  perei.stent  (anterior)  tuitennte  ; 
'n*  animal  is  fixed  by  their  secretion,  and  the  JihizoeephaUi  alone 
seem  to  }>e  en- 
tirely   without  _     ^f_ 
tbem. 

A  heart  and 
"Mcnlar  sja- 
'•tt  seem  to 
*>«  wwiting  in 
••n  ovieK.  The 
tulieNwhichure 
I>r«^tit  on  seve- 
•^1  thoracic  a p- 
pon.bige-s  o  f 
ll^taay  lAfpadiiUr. 

'**■*'  ir>i;Hrile<i  ;(■•< 

"''inchite.  ■■>-• 
**■•*  also  two 
plicated  lamel- 
'^  on  the  inte- 
ior  of  the 
•witle   of    the    linlanida: 

Oeaerative  organs. — The  Cin-ipediM  are,  with  a  few  exceptions, 

iwiiuiphrodito.     The  testes  ai-e   hninched   glitinliiliir  tubes,    and    lie 

*■<  the  sides  of  the  alimentary  canal  (lig.  ;54!i,  T).    The  vusa  defej-entia 

dilate  into  vesiculie  Heminides  reach  to  the  base  of  the  cirri- 

fortn  pieiiis,  in  w  Inch  they  unite  to  form  ii  common  ductus  ejacula- 

■int  ojtening  at  the  pf)int  of  the  penis  (I''')-     The  ovaries  in  the 

tidcf  lie  m  tlie  basal  part  of  the  Ixxly  cavity  (fig.  348,  Ov) ;  in 

bf  I^pwluUr  (fig.  .149)  they  are  moved  into  the  pi-olongation  of  the 

ul,  which   is  known  us  the  sttilk.      The  oviducts,  according   to 


Pin.  3fi0. — Aleipiw  lamyo*  (after  Ch.  Darwin.)  a,  Male,  vorj-  «tronffly 
ma^riitflcd ;  A',  anteniur  ;  T,  te«ri»  ;  T'»,  acmiual  venicle  ;  D,  redn- 
plicaturc  of  tiio  ^Iciu  ;  O,  eje;  P,  |ienw.  &,  Lotitn&ndiiitil  Hction 
ihroogb  female ;  F,  maxUlipeil :  Qf,  the  three  |iaint  nf  legs  ;  Ot< 
ovaT7. 
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Tn.  SM.— <i  Later  N*iip1iii<k  Innn.  A,  nnni :  01,  |nv>1>o«cl«  witb 
mrmth  ;  //,  fruntoJ  Itnnia ;  D,  Intestiiiv ;  A',  A'\  Ihl  itiid  tuti 
uiteunie;  yttif,  inHUtlihitliu-  foot  (third  iwir  of  Hppcti<lH«r««). 
i,  MMauaniiliuH  loTMi  rif  BoUi-it  Ijcfoir  tl)o  tnuiili.  UcnckUi 
lb*  skhi  arc  the  rudimoiilA  *'f  iho  lut^'rttJ  c.Vftt  (O)  ntid  till  thr 
ajipfiudm^rtA  F*io  F^'  »r  tlie  t.\vpri«  fitn4(C ;  ^.  fixittuil  UliUDent ; 
(7', tiDjiAlrwl  ejrfi  i  Z>r,  mIiujU  coIIb  of  tbe  iuit«nor  horn*;  ^'. 
the  unlenni*  w1lt>  tticlniiiil  dlao  ;  Mi  niilimetit  uf  nuuciUa. 


Krolm,  open  '<ii 
prominence  on  til 
Inu«1  jcdtit  <i( 
itnterior    pair 
thotndc    Appet 
du^^.      The  fe| 
itoeuiiiuLat'  in  tl 
Mvitv  Ijecv-vra  tlw 
tiuintl«    aud    U» 
body    m    Urgf 
thin  -  wuUetl  flit- 
tened  aus,  wliiii 
in   the  LtfvUM, 
are  att««h«l  !<>• 
foM  of  '' 
Mild  Hr< 

g«lher  on  tb#  "iw- 
:«!  surfiu*  of  ik' 
aniinaL 

In  spittf  of  '*' 
herniHphixNlit  i'Bi. 
there  lire,  ■afflJ- 
ing  to  I)anriii,  in 
certaiu    jjenet* 
(/Ma,  ScatiHiinm) 
verj"  aimplv  orp- 
nitied      dwsrfrJ 
mnJe^  of  pwulisf 
form,  thejoo'll''' 
complttmntDi 
males,    wiiirh  *tr 
attHcb><d  like  |»i»- 
sites  t-o  tbf  l"«li 
of  the  henn»plitt> 
dit«.      Thci»  •r» 
ako  ditDdouD  Cir- 
ripvKles      with    • 
sti-ongly     nmrkwf 
dimorjihiMBi  <if  »b» 
s«x«t^.    ThW  ix  ti» 
oaoe  with  .sWfW- 
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bm  omUwii  and  IbUi  Cumiiigii;  also  with  the  remiirk;i}ile  genei-a 
Cr^lftofhialtig  and  Akippe  (tig.  XyO).  The  males  of  tlie.se  forms  are 
not  ouly  sumll  iiiid  dwai-fed,  but  ul.so,  iiccording  t«  Darwin,  hiive 
uatiier  mouth,  digestive  canal,  nor  thonicic  ttjjpenilages.  As  a  rule, 
twTo or  !iometiine.s  moi-e  attiich  themwlves  tci  the  body  of  the  female. 

OeTelopment. — The  egg.s,  while  rtill  within  the  brooil-jxiiieh, 
■uidergii  uu  iiregiilar  segmentation.  The  clair  cells  arrange  theui- 
laroiind  the  food  yolk  in  the  form  of  a  bla.sto<lenn,  the  venti-al 
•W*  of  which  soon  becomes  coiiMiJct-.dily  thickened  in  con-seijuence  of 
">6 uppeuntuee  of  the  me.soderi)iif  l.iver.  The  larvjp  letive  the  egg 
N«iiplii  (tig.  351,  a,  b),  of  oval  nr 
iipe<I  form,  with  unjk-i'u'ed 
eye,  latenil  frontal  hoiiis, 
»d  three  piurs  of  apjiemlages,  of 
'■hich  the  anterior  in  .simple,  the 
t'^'o  next  liiiiimous  and  closely  beset 
ilh  «wiiiiniing  setw. 
After  hevenil  moult.s,  the  larva, 
fhicli  luifi  grown  to  a  consideralile 
enters  on  a  new  stjige  of  de- 
opmeiit-,  the  so-called  Cjiiris  stage 
>«[«)  (tig.  352).  The  i-ediiplica- 
•  >vof  the  skin  has  the  form  of  a 
•■»iilve  massel-like  .shell,  through 
»«  gaping  ventiul  edges  of  which 
»«  appendages  can  l>e  protruded. 
^Tule  the  form  of  the  shell  recsvlls 
>*t  uf  the  Ostraeuda,  the  stnictnre 
the  Ix^ly,  so  far  as  the  segmentji- 
Smi  luid  form  of  the  appeudage.s  are 
[led,  api>roximute8  to  that  of 
Cofiepotlii.  The  anterior  ap- 
of  the  Nauplius  lar\'a  has 
Ivni  rise  to  a  four-jointed  antenna, 
penultimate     joint    of    which 

oiue  large  and  disc-shaped  and  contains  the  opening  of  the 
^CBUnt  gland,  while  the  terminal  joint  beai-s  in  addition  to  tactile 
one  ur  two  delicate  lancet-shaped  olfactory  hairs.     The  frontid 
tjd  are  transformed  into  two  conical  prominence.s  near  the  an- 
Pnor  margin.       Of   the  two    pairs    of  bininions  appendages,  those 
fotrH<.|>ond  to  the  second  jiair  of  antenna?  ai-e  cast  oil',  while 


Km.  3J>2.— Metlian  scctioo  tbroagta  ■ 
pujiA  f>r  L^iat.  A'  Attaching  aDt«iuia ; 
f ',  cariitn  :  Tr,  lerfnun ;  Se,  scntniD ; 
Or,  ov«ry ;  O,  cerchiul  puiglioD ; 
Oy,  giiDglinuic  cbnin;  2>,  »limentar>* 
cAusl ;  Cii,  ccmcut  irlaiiil ;  3/i*,  oral 
rone ;  Aft,  MKlometi ;  P,  mdiment  of 
the  [lenia  ;  H,  mnitcle. 


Ute    rodunent    of    Uje    nnlerior 
wUdi  »  sttll  dosed  Mid  on  wIul-Ii 

nndirr  lip  are  nlrvwdv  nsUe. 
hf  tke  tboncM)  region  vfith  ax  jwin 
tmimmiag  fret,  mid  a  iuiiint<>  ttirf^jtiin 
la  twooMMlal  apitendageit  luid  niudal<«<j'. 
'  pair  td  eocDpoand  eras  at  the  t>idei>  of  the 
mimit  aboat  by  means  of  it»>  swimming  fecU 
to  take  ia  foai.     Tbe  material  n«ce»««tri'  fiM-  it*  fw 
uf  friwspaUj  in  the  cephalic  and  donwl  iv^ions 
term  ct  a  Widr-J^TvlopMi  fa(  hodr. 

Aft«r  mrimimng  about  for  a  lonj^er 
-   >. :-.r     time,    the    pupii    tis«*.   it*elf 
•t!.-    ~.u-iartal   disc  of    it»   bent    uuti 
to  some  foreign  body.     The  parts  of 
aduh    CSrripcdi»  are  now  vifuble 
the  :iinn,  and  tbe  couicnt  gltuid  lie^iiu 
secrete  a  coment,  which  Imrdentt  luid  hj 
brings  abont   the  peruiHn«-ut   nttMchinont 
of  the  yiinng  aiiiniul.       In  (he  LvfitliJa 
the   region    of    tho    hra<i  iiboro   luul 
tnreen    the  anteniw?  gi'ow*  ho  uiucli 
it    projects  from   tbe  puptU   inleiriti»< 
)>ene»th   wJiieli    the    culcnreous    pittas 
the   Kliell  of    the  Ctrri[)e*le  am   lie  fetti, 
and  after  the  moulting  of  the  ihitiuos* 
skin  of    tlie    pupo   constitutes    thr  flwh' 
peduncle  by  wliioh  the  nriinin]  is  uttarM. 
and  into  which  the  rudimentis  of  tbe 
ries  project  (fig.  353).     The  piurtxl  tytf 
the  free-suiuiiuing  Cypriis  hir^ii  iliaapj 
while  the  iinpnii-ed  pigment  spot  ntuMi 
The   mouth  jmuIw    liccouu?    fnlly  ihlTei 
tinted,  and  the  biramous  swimming  feet  l>ec<)Pie  lihort,  tuivny-jdiiii 
cirrifonu  ujjpendiiges. 

The  (.'irripeilin   ure  marine  nniuiahi.     They  nttHcL  i.heJiiMflv* 
variouH  foi-eign  objects.     They  we  found  Axed,  usually  in  inoups 
logs  of  wrxHl,  rockfi,  nmsscl  sIipIIb,  Crustncwi,  the  ^kin  of  wli 
S<ime,  lUi    Lithotrya,  Alciypr,  and  the  (Vi/;)/(.i.i<i/i'.iV.  lue  «Wi> 
into  Liimmellilimnoh  shells  und  Corals  \\ 
punixitio  on  Crustnav.      In  the  hhuooeplw 


hvlwuhornr 
Ttirm  nf  the  thaU  aad  tba 
MrUirbuiutiif  r.t  ilM  MiMttor 
taut  of  «h«  bowl  (Matk).  wUoh 
!B  the  pap*  «Ug«  to  bvnt. 
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the  animnl  la-ses  all  its  appendages  and  iu  aliiueiitary  ciwti.1,  JUiJ 
tracts   the  juices  of  its  host  [DeeajxxUi)    by   ineiins  of   root-like 
vs  (li^'.  354). 
Feduncalata.     There  is  a  pe*luncle  and  six  piiit>  of  bii-amoua 
.  ,   the  iiiantle  haa  usuiilly  cariiiu,  Hcuta,  and  terga. 

Fam.  Lepkdidse.     Peduncle  well  marked,  aud  not  provided  with  calcareous 

Hes.     There  i*  a  membraiions  nmntlo,  whioli,  an  a  ride,  is  provided  with  tivie 

11  plates,  of  wliich  the  scuta  and  term's  lie  Ijehind  uiic  another  (fi(r.  348,  «). 

1.^  {AiMtit'a  Brag.).  Z./awiriiliiri'  Ellis,  (y'ltrnt  Lam.)     Fduiid  from  the 

Ortbem  8eas  to  the  South  Sea.    L.  atuUI/rrn  L.,  cosmoiKjliiau.     Cnnehmlt-rnM 


h 


-Oe 


VM.  SM.— a,  SafnliiM  jmrpitrm  (after  Vt.  MOIIer).     Or,  Aperture  of  the  nunlle  mk;    IF, 
root-like  prooo^nc*  -,  S^  ^nitAl  npcrtun^.    fr,  NAnpltus  liinrfi  of  ArMwfiiM.    wC,  A'\  M^, 
■ppendase*.    ^,  Pupn  of  Lrrtupvttiacm  piiretllana  {after  Pr.  MiiUar).    f.  The  tix  pain  of 
Ab,  Rbdumen  ;  A\  attaching  anteunie ;  O,  eye. 

.  {Otinn,  Ciiirriu  Lctich.).  C.  firijata  Spengl.,  frequent ly  sttaubed  to  Bhi|». 

\auritit  L.,  Alu'la-fiHii  Uarwin.    The  st.-illc  is  prnndcd  with  nMit-like  processea, 

hich  ({TOW  intn  the  akin  of  Stjunliilir.     A.  n/utilirulii  IjOvch, 

|Fain.  PoUioipedidn.     Peduncle   not  sharply  distinct,  scaly   or  hairy.    The 

*  *'"?()   very   *lxr3i\t;.  numcrons.     The   scuta   ami  tei;ga   lie    close   to  ouu 

"ve  arc   sometimes   I'omplcmental    mnles.     Pollirljiin  rttruumpia 

nd  Me<1il«rr»iicnn.     SchI/kIIhiii  rnJfinn-  l,eacb.,  \orth  Sea  and 

V.  irrmituiit   Gray,  South    .\frictt,     Ihla  ijHiulritaltit  Cut., 

Cutiiiiniii  Uarw.,  Philippines. 


44(5  CBL'STjLC£A. 

2.  Operoolata.  TLe  pethincle  'm  ulMeut  or  ruiluu«'Ut«rr.  IV 
body  i.s  Mirrouiiilfti  by  hii  external  ring  of  pliitcb  ut  the  extremitiil 
wliioli  the  scutn  nnd  tergu  form  iin  ojiercuhim,  which  is  nsuiJlyfwij 
movuble  and  proNided  witli  depi-ewgr  mtiscles  (tig.  348,  6 1. 

K»m.  Bkluiida.  Scula  and  terga  frpvljr  movable  «uii  arti'-nlniiii/'Mii  »• 
ancitlicr,  Tin-  irills  are  formed  laicli  uf  a  fuld.  Oalnimt  r-nr"it.ili''t'  ! 
Widely  distributed  and  found  in  a  foctiil  (unu.  J),  impntvitv  Uarv.  Kiioi'iit 
bnirkinb  «Til<.ir. 

Kani.  Coronulids.     taenia  and    teivn   froul.r  mxvnlilv,  liul    not 
with   one  nnntliur.     The   two   gilU   furnied   enoh   of   two   (oltU.     . 
Inirlirulit  Slia«-.,  Soiitli    Si».      CorontiUi   hnlanmrU  L.,  Aot«rcUi:   ' ' 
(iinddHit  L.,  Arctic  Orc-an. 

8.  Abdominalia.     Tlie  irregtUarly  aegiuonled  body  i^  n 
H  fliuik-»ln<[MMl  uiaiitle,  mid  lieun*  on  its  terminitl  fMirtion  lliriv  |»i:i? 
of   ciiriforuj    feet.       Month  jmrts  iind  iiliuieiitiirh-   canal    coiujili^l' 
developed.     The  sexes  ure  separate.     They  live  iis  pamsitt*  hunri 
iu  the  nil<aireoii.>!  Hhell  of  Clrr!}>cdia  and  ifollttten. 

Kaui.  Aloippida.  With  fnur  {ikin  of  feet,  ft  which  the  tirst  pair  is  paljilfom. 
and  tbc  tn"<i  last  are  unirnniuuK  and  compw»ed  of  few  vlongnted  joltiiv  H' 
80X0  arc  wimratc.  The  female  bores  into  Mollusc  nliolU,  Ttie  malp  i»  dmuW, 
and  i!)  withtiut  mouth,  stomach,  or  feet.  Alri/ijtc  htmjta*  Hanc.,  bom  iBto 
the  columella  of  the  sbellii  of  Ftutnn  and  l}«fcinuni.  Found  on  tKe  oovt  of 
Kiij^land. 

Fain.  CryptophiaUda.  They  have  three  paim  of  feel  at  thi>  nostcrior  enll  ^ 
the  ImxIv.  ('ri/jitfijiliiiilm  l>arw.,  hcxcs  aepamte.  t'r.  mimihu  Darw,,  In  tlw 
shell  of  O'ur/ttttfjMtn  Pt'riiritiiM,  found  on  the  we«i  oou*«l  of  .South  AmotA 
KiirliUifiMr  hunuitii  NVill,  lives  in  eioavutiim.s  in  Uie  shell  of  Haliottt, 

•I .  Apoda.  The  body  is  segmented,  and  it)  coiu|x>>«d  of  el««i 
ring.s.  There  Ls  no  speciiil  redu])lir»iturp  of  the  mantle.  Thf  shap* 
resembles  that  of  n  miiggot.  The  uttaoJiing  niitfiiruc  iire  eJdUjjaUd 
to  the  form  of  n  bund.  The  month  is  a<hi|>ted  for  sticking,  and  Iw 
mandibles  ntid  maxilla'.  Feet  absent.  Tht?  cligestive  ouial  i-  m&- 
menl;iry.  They  live  [mrasitically  iu  tJie  miintle  of  other  Oirriji»ii»- 
The_v  are  hermuphrodite. 

Fum.  Protsolspadida  with  the  single  genut  I'rutiolrjHi'  ltarw„  /V.  hntfU 
Diinv.,  Wot  Indie-. 

fi.  Rhizocephala'^  (Suctoria).  Body  tubular  or  kmcuIiu-,  wrtbMt 
segmentation  or  appendage's;  with  niirrow,  jJiort  pedvukck)  f<* 
attuohiiieiit,    from    wl:ic-h    lininched,  i-oot-like  tiltuueuLs  atim.    Tb« 

•  W.  l,illjcborg.  "Lied  genre*  Liriope  et   IVltoinurtcr."  .Vetvi  aW<  rf.  »« 

/Wrn.   ^>.rt/.,  Ser.  H.  vol.  iii..  I.»<iK).     Fr.  .Miiller.  •' 1'     '" .  ,-       .-i- 

/ur  .\«^«;'^(»(7)..  isij'j  anil   I.'<il3.     K.  Kotitminnn, 
KhmuroKeiideii     llankenfUrf-lcr."     IVrA.  ili-r   mri/ 
Ncue  Folgr,  Tom.  IV. 
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Itttw  pierce  tlie  liody  of  the  host,  nnd  carry  noiiri.shnient  to  the 
p«ni«ite.  Mantle  siMvulnr,  and  without  tiilcareous  [ilatex,  with 
immiw  i«|>erture  which  win  be  olosed.  Mouth  ami  iilinientar)' canal 
«l»*iit.  The  teat«s  are  usually  paiiwd,  lie  l)elween  tlie  ovaries,  and 
"pwi  into  the  bnxxl-pouch.  The  Rhizocap/inla  live  principally  as 
pira.it**  on  the  ahdniuen  of  the  Decnjxida,  and  wind  their  l-oot-Iike 
fii«lm'iii»  ai-ovmd  the  \T.sceni  of  the  latter. 

}'«ni.  Ftlto^utrids.  Pellvga-iter prnjuri  Uathke.  SaeeHlina  eavriniT^iomya., 
f'navHtcH,  jtorrelUiHtK  Fr.  Milll.,  Brazil. 


II.— MALACOSTRACA. 

'^e  Maincoatraca  difier  from  the  Entomoalraca  in  [joHsastdug  a 

"""•'^taiit  uiimber  of  segmentii  and  pairetl  appeudage.'s.     The  boundai-y 

'*'e«ii  the  head  and  thorax  ciiiinot   he  alistjliitely  tixe»l  on  account 

^he  curving  ninnl»ei-  of  anterior  jjiiii-^  of  legs  which  are  niiKlitied 

form  jaw.f.     These   regions  are  couijxised  of  thirteen  .>*eginents> 

lier,  .■uid  be»r  the  faxae  numlwr  of  jmirs  of  appendages,  while 

kimen,  which  is  always  distinct,  includes  six  segments  and  the 

*    inunber   of    paire<l    liiubs  and  teruiinates  with  an  anal  plate 

•n)  derive*!  from  the  teriuinal  jwrtion  of  the  body. 

■Ajuongst  the  lining  Malacontrncu  there  is,  however,  a  single  group 

'oruus  (Hebalia)  (tig.  •l.'iS,  a,  h),  whic-li  iliffer  in   linving  a  larger 

^**'ul.er  of  abdominal   .seguienUs.     They  have,  in  adthtion  to  the  six 

***<l<muijiiJ  negment«  with  appendages,  two  segments  without  appeii- 

'^<5««,  awl  an  elongated  PhyllojK)d-like  caudal  fork.     Tliis  reiimrkalile 

'**'IU  wnji  for  a  long  tune  reg!ii-de<l  as  a  PhyllojKxl,  and  in  uiaiiy  of  its 

***«m<ter»i  reprenents  a  connecting  link  between  the  Phi/llopoda  and 

^^'•'  Unliicottraca.     The  structure  and  .segmentation  of  the  head  and 

^•"Tiix  resembles  that  of  the  Malacoslraca,  hut  the  terminal  i-egion  of 

^Vt  itlxlduieu  doeii  not-  present  the  special  form  of  a  caudal  plate  or 

^^l«^m.  III  Nebalia  we  prolwildy  have  to  do  with  an  offshfxjt  of  the 
I^yllojKMl-like  ancewtoi's  of  the  Malacostraca,  which  has  pej'sisted  to 
'U  present  time. 

The  heiid   includes  in  all  i-ases,   Ijehind   the   mandibular  segment 

Ofi  which  two  pitragnathi  form  a  kind  of  underlip,  the  segments  of 

tii'o|Hii-»  of  niaxillu'.     Tlie  latter  jii'eserve  more  or  le.s>  the  cliai-ju-toi-s 

(rf  Phyllopod  feet.    Tlie  heud,  therefore,  c<.>nsi.sts  of  five  segments,  each 

irith  it*  |«ir  of  appentlages,  m.,  two  paii-s  of  antenna',  one  pair  of 

ffiiiltJibleis  ajid  two  pairs  of  maxillie.     It  i.s  followed  by  the  thorax, 


I 


AKTIIBUSTRAGA. 


449 


<i»g*  clofiely  resemble  the  typiwl  Phyllopoil  liriil*.     As  ii  rule,  liow- 

wer,  dome  of  the  anterior  thonicic  legs   tjike  pirt  iii  preparing  the 

food  /md  have  a  form  intermeiliate    between    raoxillie  iiiul  tlionu-ic 

1^    Such  are  caUed /oot-jairs  or  iiM-i'UUpf.ds.     In  the  Arthruslruca 

'if  anterior  pair  of  thoracic  appenilnges  only  iire  w»  uioiiified,  and  the 

"fjfiiient  liearing  them  j<iin>   the  head  ;  the  thonix  is  therefore,  in 

tluspuHj)  (<nui]K>.se<I  of  seven  se^!;mentri,  each  with  its  piiir  of  appen- 

^t^.    In  other  groups  of  Afa/acostyUaa  the  next  or  two  next  piirs 

"f  tiiornric  legs  have  the  fonii  of   luaxillipeds,  so  that  thei-e  is  no 

fcJuirj)  (liv-ixion  between  the  hettd  and  thomx.     The  latter  Ls,  at  least 

p»rtiiilly.  covered  by  a  shield-like  reihiplinUure  of  the  skin,  which 

""■'i-pJiologieaUy   corresponds   to    the    Phyllopufi    shell    and    forms  a 

inure  or  less  extensive  carapHce.  which  fuses  with  the  liiu-k  of  the 

thorai,  and  under  which  the  posterior,  rarely  all  the  thorsicic  seg- 

"•eiitji  imiy  remain  sepnnvte  as  fi-ee  rings. 


Order  1. — Arthrostraca.* 

Malaeoatmca  with  UUeral  »es«Ue  eyes,  itetuUli/  tcith  seven,  more  rarely 
•^•^  «>  or /ewer  sejjuntU  tkonwic  segmimts,  ami  Uie  same  number  of 
P'^trt  of  U<ja.      Witlwul  a  rediiplicature  of  the  skin. 

The  head  \ten.v»  four  antennw,  the  two  mjindibles,   foui-  maxillte, 

**'«i  «  |iftir  of  niHxillipeds :  in  all  six  pairs  of  appendages.     A  small 

'*'JoV>ed    plate,  distinguished    as    the    under-lip,    liehind  the   pair  of 

***i«lihles,  mark.s  the   boundary  of  the  priman/  region  of  the  liead. 

'  '*e   two  pairs  of  maxillte  a.s  well  as  the  maxillipeds  are  secondary 

''^'Phalic  appeudage.s  derive<l   from  the  thonicic  regit)n  of  the  body. 

Behuid  the  head  there  are  usuallv  seven  free  thoi-acic  riiiL's  with 

^^     Niime    number  of    paii-s  of   appendages,  which   are  lulapted   for 

7*''^*ping  or  swimming.     The  numVter  of  distinct  thoiiicic  segjnent.s  is 

^^   tUre  cases  j-educed  to  six  {7'tinnis)  or  five  (Ajieeiui).  the  antevior  or 

**   t«'0  anterior  segments  of  the  thonix  becoming  intiiuiitely  cou- 

^*<^ted  with  the  head.     In  tlie  latter  case  a  more  or  less  extensive 

^"^Mmlof-luirncic  carajMU-e  is  foniied.     The  abdomen  which  follows  the 

^'^^tmc  includes,  as  a  rule,  six   segments  bearing  limb.-.,  ami  a  simple 

**•■  "plit  plate  without  appendages  and   repj-esenting   the   terminal 

"•Wiiwnt.     Tlie  number  of  the  alMloniiiial  segments  and  apjiendages 

•''"v,  however,  1>e  reduced  (/mijHxt'i.),  and  the  entire  al>dompn  niav 

*  Reada  the  work.-"  of  Ijitreillo.  M.  Eilwanls,  Dnnn,  iinfi  others.  com|ioi'e 
<i.n.-.-    i'..,i.-    »„'!   .J.  O.  VV(wt«i>n<l,    -A   ilimoiy   ut   tlic    Hritish   scssilu-eyi-il 
I.   Btul  II..     Loiuloii,  lsfi:i.lS68.     (!.    O.    Srts.     "HiHtoirv 
t  d'ou  tkrtice  de  XorvcKg."  l 'liri-itinnia,  18t>7. 

SO 
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e\'en    be    rediirH    to  'nu    niis»gmeute<l     stump-tJinped    xppciub^' 
(  /Atntodi]>odn). 

Tlic  nervoiu  system  consists  of  a  cerebnil  giuiglion  and  n  veutnl  pui- 
jflioiiic  cliaic,  wliioli  is  most  distiuetly  roni|Mi>«xl  of  tvro  liitrml  luJitv 
111  the  Isopodn  tliei-e  is  hIso  iiii  luipiiii'eKl  x-iscernl  nei-ve.  Tlictwotyw 
•re  always  :«ssile,  coiui>otiiid  eyes,  with  suiooth  oi-  facetted  comw; 
they  are  never  stiilked.  Deli(wte  oIfiict<iry  fi}>i'es  are  often  prewul 
on  the  anterior  nntennie.  and  aro  esjieoiidly  nuuiertiup  iji  the  unlr 
sex. 

The  alimentary  canal  begins  witli  a  shurt  •rsuphnxus.  uhioli  {» 
upwards  111  ti]jeu  into  a  wide  croji,  sujiported  liy  tirui  li<>rii\'  ImiJ 
and  often  anned  with  .strong  chitinout*  platen.  Tlie  crop  leatis  into  • 
long  intestine  pi-o\ided  with  two  or  three  jwii-s  of  tnliular  lie[int!r 
gland.s.  The  rectum,  whieh  may  jKWsess  one  or  two  tuhular  iijt)«i- 
dages  (piTilialily  urinary),  opens  at  the  posterior  en<l  of  llie  lioly. 

The  antennal  gland  o{)ens  on  the  luisal  segment  of  the  p(x<t«iinr 
anteniia,  often  uihw  a  coniod  protulienmoe. 

Vascular  system.-  A  lieart  is  al\««ys  present  il>.  thecvntrid  orpui 
of  the  fiifuliition.  It  may  either  have  the  form  of  n  tul*  exteniiiuc 
along  the  whole  length  of  the  thorax  (Amp/iijmtin) ;  or  it  luiiy  t« 
saccular  and  placed  in  tlic  ahdomen  (JtKijKxtn).  Iti  the  first  case-tlic 
gills  ai'e  phM<ed  on  the  tlionu'ic  feet  a.-;  tubular  appeudage*< :  in  lli' 
latter,  on  the  other  hand,  they  nve  placed  on  the  abilometi,  F^m  th« 
heart  tljehkx^l  pussa-.  thi-ough  an  anterior  and  jKisterior  iiortii,  »nJ 
usually  through  latenil  arteries.  Tlie  vessels  conduct  the  lijoinl  inU> 
the  body  cavity,  whence  it  i«turns  in  regiUar  strenmii  to  the  Ut«pJ  j 
paire<l  slits  of  the  hei^rt. 

Oenerative  organs. — The  Arlhroslmca  are  of  tieiMiitto  suses.  UmI 
males  are  fre<piently  distinguLslied  from  the  females  by  the  modi&»- 1 
tion  of  cei-tain  parts  of  the  a])jtendages  t.o  forai  pi-ehensile  org»nR.  liTJ 
a  grejiter  development  of  olfactory  hairs  on  the  anterior  luitenna',  »»k1  j 
by  the  jKwition  of  the  .sfxnal  and  copulatoiy  urgiins.  It  is  nuvtol 
find  a  stitingly  marke<l  ilimorphLsm  of  the  sexes  (liojufrvg,  /'rtiwMi.j 
The  genenitive  organs  oyieu  either  at  the  posterior  jairt  of  thi-  llioi»x  j 
or  at  the  base  of  the  aMonien  ;  the  female  nlwaj-s  on  tlu'  uiil*-) 
]X)iiultiuiate  jiair,  the  male  on  the  la.st  pair  of  the  thiaiiric  »p|i»**] 
<lages  or  l)etween  the  first  of  the  nlidonien  (/topod»).  llie  tnttiH 
are  two  simple  or  bninolied  tul)es  witji  the  same  tuiuilier  "' 
The  t<>ste.s   similarly  .seem  t<i  lie  con)ix>sed  of  one  (Jwi;/.  ^  ' 

more  (3)  pairs  of  tul>eK  (ImjHula),  the  efTereiit  ducts  of  which  (« 
ilefereutia)  either  remain  Ke}.turHte  or  unite  to  form  a  cjpnbu 
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'gan.     Appendages  of  the  legs  may  also  lie  present  as  Hililitidiml 
8  to  copulation.     The  matui-e  ova  are,  a-s  a  rule,  carried  aliout  by 
le  female  in  brood  jionclies  foriueil  by  the  lamellar  appendage*,  of 
thomcii-   feet   (oonleyites).     Development  as  a    rule   tnkes  phice 
jrithont  metamorphosis,  but  the  furni  itiul  appwidages  of  the  young 
I   not   nnfrefjuently  differ   fi-om    those   of    the   axlult   animal 
^tronimn).     Tlie  segments  iiini  the  appendages  may  even  be  incom- 
plete in  nnmlier  after  birth  (ho}>mlii). 

Fossil  ArihroBtrrvca  are  found  in  tlie  Oolite  {^Ardiafoni«cii«).  Pro- 

ItpjxmUcvii  occurs  in  the  Penniun,  Aiiiphi]>eUis  in  the  Devonian. 
I  1.  Sul>oi"der. — Amphipoda.* 

I  Artlirogtraea  with  laterttlli/  compreated  hod;/,  teiUt  gills  on  </»« 
Ifionia'c  /eft  ami  an  doitgated  ahdom^i,  of  whiah  t/ie  three  anterior 
teginrutu  Imnr  the 
airintming  f«9t,  while 
the  three  poil  trior 
bent  fioslfriorli/  ill- 
reetflftet  ndaptedfor 
ipritujimj  (tig.  350). 

The  Amphipoda 
are  small  animals, 
tteing  only  in  mre 
case^  several  inches 
long  (L;/»inii(i»sa 
vutgeUaniea).  They 
move  in  the  water 
princii>ally  by  spring- 
ing   and    by    swim- 

muig.     The  head,  which  ia  sometimes  small   (Crernttina,  fig.  35fi), 
sometimes   large  and   then   much  swollen  {/fi/piriua,    fig.    357),  is 

irjdv  ili.stinct  fi-om  the  thontx  and  is  fused   with  the  fii*st  of  the 

ven  thoracic  segments  only  in  the  aben-ant  group  of  the  f^mwdipoilii. 

Tl>e  two  jMiii-s  of  antennie  usually  consist  of  n  short  stiong  shaft 

B«siilc-i  the  olilcr  W(irk'<  of  Ul-  Oeer.   Ki'>.iel,  M.  Kdivnrds,  etc..  (.'onipnrc..  C. 

SiKiuce  Itete.  •'  On  \\w  Morpholiigy  of  mmu-  Amplii(nKla  of  the  Division  Hyjicr- 

■  Ann  of  .\at.  Hint..  St.r.  2.  vol.  xix..   1S,\T.     C.  Spenee  Bate,  "Oi'i  the 

i  .'■f  Cnistnoea,"  Ahh.  i\f  Xiit.  lliM..  Sit.  3.  vnl.  i.     C.  S|K'uec  Bate. 

if  th.  specimens  nf  Aniiihipofious  CruMaceu  in  the  collection  of  the 

^tiii-...    ...u^'iim."   Lfiriilon.  18<i2.     K.  v»n  Heiieilen  et   Km  Hcssel*.  "  M^-uioire 

hi  formation  du  mn«t<«lcrmc  chez  les  .Amphipivies,  etc,"  Braxcllcs.  1868. 
_j  Cl»u^  "  I'er  Orgunismus  dur  I'luijiiiniiden,  Arhritin  um  ilrm  /iinl.  JiitHlnt. 
der  U»irrr»it/>f  WirH.  Tom  II..  IS7'.». 


PlO.  »ia.—Oammams  nfftrHu,  {utUT  G.  O.  Sbm),  Wllh  eiiff* 
between  the  brood  iHinella*  ('H>stefrit««)  on  tho  thorax. 
A',  A'\  the  two  aiitenme;  Kf,  innxilli}ie(t ;  F*  to  F\  tha 
kcven  iMiirs  of  thoracic  iippcndngei' ;  Sf,  the  Snt  twtm- 
minir  foot  of  the  ntxlamcu. 
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and  a  long  Hiultiarticulate  llagelluxii,  which,  however,  m«y  be  niowur  1 
less  nulinientjiry.  The  anterior  antennie,  whi<'li  are  olwuy*  liuiptj 
in  tlie  mule,  often  bear  a  short  iu-vi->i<or\  lliiKelluni  sml  piwWJ 
numerous  modiiicntions  in  their  speciiii  form.  In  the  Htfj/mna  tlieyl 
are  very  short  in  tlie  female ;  wliile  in  the  male  they  are  of  ^•onwlf^^ 
able  len>^h  ami  are  clo.'^ly  bt-set  with  olfactory  haii-s,  Tlie  pi»*wr 
anteoniB  ai«  frequently  longer  than  the  anterior :  in  the  ib«1*  1 
T;/]ihifl<e  they  are  fol(le<l  in  ji  xiffwig  fashion,  and  in  the  Coro/Jiiie] 


u.  3S7. —  Plit^mimi  9f*ir»itiria,  u,  fenmlc ;  t»  mftlc.     O,  ojrw :  A\  -i",  Uio  *irt)  pftU*  *^  I 
Umnw ;  Kf,  jswK  ;  D,  intestine ;  H,  boiin  KoA  aorta ;  K,  fVH» ;  (tr,  otmry  i  9. 
ayscon ;  2>r,  glwuU  in  ibe  cholA  of  thb  flfth  jMir  of  1o^ ;  O,  ixvtuM  fiptmioif- 

ui-e  mixlified  to  fonn  strong  j)e'liforui  u])|>eQi1age.s.  In  thi-  feurnJt', t 
the  eontnu-y,  they  maj'  l)e  ilefjeuenited  luid  i>epreseiut<l  only  liv  \ 
basal  joint  (Phroninui)  (fig.  357,  a  and  6). 

Tlte  uanilible.s  are  ]M)werfnl  biting  plates  with  a   nluirji,  'i*"* 
t<N)the<l  e<lge  anil  a  lower  mastioiliiig  jirtK-ess.    They  UMially  po!o«»4 
thwe-jointeil  jmlp,  whieh  w  neoAMonully  reduced.     Tla-  anterior] 
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'o'jeil  maxillie  also  Imve  us  a  rule  a  slioil,  two-jointed  palp,  wliiU-  the 
'D'udlke  of  tlie  second  pair  are  I'Ciluced  to  two  lamellie  of  consideniUle 
sae  attached  to  a  common  ba-se.    The  maxillipeds  fuse  to  form  a  sort 
of  OQderlip,  which  is  either  tn-lobed  (Hyperina)  or  bears  upon  a  com- 
mon hasal  portion  an  internal  and  external  pair  of  lamellae,  of  which 
tliB    latter  may  be  considered  as  the  basal  joint  of  a  large  luultiar- 
ticulste  and  frequently  pediform  palp  {Crevettina  and  Lamodipoda). 
D«lioate  lamellae  or  tubes,  which  are  attached  to  the  coxal  joints  of 
the     thoracic  legs,  function  as  gills ;  the  active  movements  of  the 
fth^ominal  swimming  feet   cause  a  constant  renewal   of  the  water 
•■f^vind  them.     In  the   female   there  are  in  addition   to  the  gills 
I'tt^ellar  plates   (ootUgites),  which  are  applied  together  under  the 
tiiox-ax  to  form  a  brood-pouch. 

iHie  males  are  distinguished  from  the  females  not  only  by  the 
*^>ience  of  the  oostegites,  but  chiefly  by  the  stronger  development  of 
^ue  prehensile  hooks  on  the  anterior  thoracic  feet  and  the  different 
'ormution  of  the  antennae. 

The  eggs  pass  into  the  bi-ootl-pouch  and  thei-e  develop.  The  yolk 
inmetimes  {G.  loeuata  and  other  marine  species)  undergoes  a  com- 
plete segmentation.  Sometimes  {G.  pulex),  after  a  superficial  seg 
mentation,  a  peripheral  cell  layer  Is  separated,  which  develops  into 
a  'delicate  bla.stoderm  beneath  the  egg  membrane.  A  ventral 
primitive  streak  k>  then  formed,  and  on  the  doi-sal  side,  beneath  a 
differentiation  which  has  been  erroneously  taken  for  a  mioropyle, 
a  peculiar  globular  organ  makes  its  appearance  ;  this  is  the  first  rudi- 
ment of  the  cer\-ical  gland  (dorsal  organ),  which  is  confined  to  em- 
bryonic life.  The  appendages  are  develo])ed  from  before  Imckwai-ds 
on  the  ventrally  flexe<l  Ixxly  of  the  embryo.  The  young  animals 
usually  pa-<se.ss  at  Iiatching  all  their  ap{)endages  and  in  all  essential 
points;  have  the  structure  of  the  adult  animal,  but  the  nuuil>er  of 
joints  of  th;e  antennae  and  the  special  form  of  the  legs  still  pi-esent 
differences.  In  the  Hyptrina  alone  the  just  hatched  young  may  be 
without  abdominal  feet  and  differ  so  much  in  their  form  from  the 
adult  that  they  may  be  said  to  undergo  a  metamorphosis. 

The  AmphijMxla  for  the  most  pai-t  live  in  fi-esh  and  salt  water 
and  lead  an  independent  life  (the  presence  of  Arotic  s{)ecies  in  the 
Swedish  and  Norwegian  seas  is  very  interesting).  Sonic,  however, 
live  in  tubes  ^erapus),  othei-s  in  holes  gnawed  in  woo<l  (Cftelitra). 
The  large  size  of  the  deep-sea  forms  is  of  special  interest ;  amongst 
these  a  Gammarid,  allied  to  the  genus  Iphimedia,  and  C'i/»toaouia 
Neptuni  (Hyperid<e)  become  several  inches  in  length.     The  Ili/perina 
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Uve  prmdp«lly  in  transparent  marine  animals,  especially  in  Mtdxat, 
»xA  Uu»x,  as  the  female  Phnmima  sedentarta,  take  up  their  abode 
«ith  their  entire  brood  in  transparent  Pyrotoma,  whose  interul 
parts  they  eat  up.  The  Cyaniidce  among  the  Lcemodipoda  are 
para^jtir  on  the  skin  of  whales. 

Tribe  1.— Lsemodipoda. 

Aimpkip^ia  »cilA  cerxrieaUy  placed  anterior  legs  and  rudimeiUierj 
mpK-i*ti  affiomen. 

The  anterior  thcHacic  segment  is  more  or  less  closely  fused  with 
the  bead  and  the  anterior  pair  of  legs  shifted  on  to  the  neck.  The 
maiilKpeds  are  modified  to  form  a  quadripartite  under-lip  with  long 
pal[)c<  The  branchiae  are  usually  confined  to  the  third  and  fourth 
thijracic  i«^:ments,  the  legs  of  which  are  often  rudimentary  or  «« 
ako«rether  wanting.  The  feet  end  with  hooks  for  attachment.  The 
abdtMnen  is  small  and  reduced  to  a  short  protuberance  destitute  of 
ap{«^n\iag«s. 

(^^•vMK'iJMwrML.  Bodr  elongated  and  tbin.  Theyaieinrasitic»n  Hrdroidt 
»».l  c- -■:■.•=:«* if  Brrosoa.  Cgamiit  rrti  I..  Body  broad  and  flat ;  abdomen  qnite 
raiiaKotaiy :  parasitic  on  the  skin  of  Cetacea. 

Tribe  2. — Crevettiiia. 

A:'it^i}*:-i't  »rt/A  tmtiU  head,  small  eyes,  and  multiarticulat'; jxdi/orin 
•^Ariiiiyt'i*. 

l>.><h  peiirs  of  antenuie  are  long  and  multiarticulate ;  in  the  male 
th^y  Hre  U^s^^r  than  in  the  female.  The  upper  or  anterior  ;uiteuiiie 
sure  u-ij.slly,  a>  in  Oauimarii*,  the  longer ;  their  sihaft  is  composed  of 
several  joiinj^  and  Ixwrs  a  small  acces.sory  flagellum  as  well  its  the 
ptiv.oijwl  one,  Tlie  contrar\-  may,  however,  occur,  as  in  Corophmm, 
wV.tre  the  {><**erior  antenna*  are  elongated  and  pedifonn.  The 
cvAxi;".iivil>  in  all  oa.-*s  fuse  together  at  their  iMvse  and  form  a  large 
■.;*..-'.t •.-".:}',  usually  with  four  lamella?  and  two  jointed  petlifonn  psdps. 
T;-.t>  vvx.-«l  joints  of  the  thoraoic  legs  have  the  form  of  briMil  ami 
■--iro  •:■(.-■;•  >i/  plate>.  The  abdomen  has  always  the  full  number  of 
s«s-'.:u' :•.:*,  The  three  jH»sterior  p»irs  of  abdominal  feet  (Hrofxk) 
sjY  wt'.l  dovolojieil  and  often  much  elongated.  ThLs  group,  which 
•■..o'..-,'.f>  ;>u  ;»stoivi^hinsr  \"ariety  of  forms,  Ls  principally  distributed  in 


,•■•    Ccrepkiito.    Tke  UxW  is  not  laterally  compressed.    The  pcuteriw 
■  -.s.  *:v  mv»re  vvr  ie«'  jiedifori»  ^  i^nts  of  the  legs  arc  freqnently 
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paasages  in  mncl.  Cerapiu  tubularit  Say.,  lives  in  tubes.  Podoeenu  rariegatut 
Iteach.,  Bnglifih  coast.  Chelura  terebrant  Pliil.  is  allied  hero,  gnaws,  with 
Xiimmoria  lignonnH,  wood-work  in  the  sea.      North  Sea  and  Mediterranean. 

Fam.  OiehMtiida.  Anterior  antenna;  usually  short,  always  without  accessory 
nunns.  The  posterior  pair  of  uropoda  are  nnbranched  and  are  shorter  than 
the  preceding  pairs.  They  live  on  the  shore,  especially  on  saudy  beaches,  and 
move  by  springing.  TalitrHt  tdltator  Mont.  —  T.  locu*ta  Latr.  On  the  sandy 
ooosts  of  Burope.     Orehettia  Uttorra  Mont.,  North  Sea. 

Fam.  OtmmaTida.  The  anterior  antcnnse  often  hare  a  second  ramus,  which 
%M  always  longer  than  the  shaft  of  the  posterior.  The  coxal  jjlates  of  the  four 
anterior  pairs  of  legs  are  very  broaU.  They  move  more  by  sniniming  than  by 
q>rii]ging.  (taaunarvuipultfji  L.,  O.fluriatili*  Ros.,  O.  marinvi:  Leach.  In  the 
blind  yiphargu$  Schiiidte  the  crystalline  cones  and  eye  pigment  are  wanting. 
^.  pHteanwi  Koeb.,  in  deep  springs  and  lakes  (Lake  of  Geneva).  Lytianamia 
Cut<e  Edw.,  Mediterranean.    L.  atlantirM  Edw.    L.  magellanira  \a\\]. 

Tribe  3. — Hyperina. 

Amphipoda  with  large  swollen  head  and  large  eyes,  usiwUy  divided 
into  frontal  and  lateral  eyes.  They  have  a  pair  of  rttditnentary 
maxillipeds  functioning  as  underlip. 

The  antennae  are  sometimes  short  and  nidimentaiy,  sometimes  of 
ConKidemble  size,  and  in  the  male  are  elongated  into  a  multiai-ticulafce 
flagellnm  (HypericUe),  The  posterior  antennie  may  in  the  female  be 
reduced  to  the  basal  joint  enclosing  the  glandular  tube  {Phromina) ; 
in  the  male,  on  the  contrary,  they  are  folded  in  a  zigzag,  after  the 
manner  of  a  carpenter's  rule  (Platyscelince).  A  piired  auditory 
vesicle  may  be  present  above  the  brain  {Oxycephaltis,  Rhahdosoma). 
The  maxillipeds  form  a  small  bi-  or  tri-Iobed  under-lip.  The  paired 
legs  end  in  some  cases  in  a  powerful  chela.  The  caudal  styles  are 
aometimes  lamellar  and  fin-like,  .sometimes  styliform.  Development 
takes  place  by  metamorphosis.  They  live  principally  in  jelly-fish, 
and  swim  very  rapidly. 

Fam.  Hyparite.  Head  globnlar,  almost  entirely  occupied  by  the  eyes.  The 
two  pairs  of  antennae  have  a  multiarticnlate  shaft ;  the  tlagcllum  longer  in  the 
male.  The  mandible  has  a  three-jointed  palj).  The  fifth  pair  of  feet  is  gener- 
ally formed  like  the  sixth  and  seventh,  with  claw-like  terminal  joint.  Ilijpcria 
(Lestrigonut  Edw.)  mrduMriim  0.  Fr.  Miill.  (W.  galba  Mont.  =  JT.  JjatrfiUi 
Bdw.)_with  Leftrigonu*  exvlant  Kr.  as  male,  North  Seas. 

7am.  fhroaimidst.    Head  large,  with  projecting  rostrum  and  large  divided 

^e.    The  anterior  antcnnte  are  short  in  the  female,  with  only  two  or  three 

jaiata,in  the  male  with  long  muUiarticulate  flagellum  and  a  shaft  closely 

Ixnt  with  olfactory  hairs.    The  thoracic  limbs  have  in  some  cases  powerful 

to,    PtfwiiM  nieaemi*  Edw.,  Phroninta  »edeiUaria  Fonik.     The  female 

wMl  its  offspring  in  Pyrotoma  and  Diphijid<e,  Mediterranean. 

Tlalywullillli      Both  pairs  of  antennie  hidden  beneath  the  head  ;  the 
«e  mall ;  in  the  male  with  much  swollen  bushy  shaft,  and  short, 
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alcoder  6iigellum  compotkHl  of  few  juint«.  The  posterior  anttaiuc  ur  -u  uc 
male  very  long  and  folded  three  to  four  tlmci  lugvtber  in  a  ogag  tMhiW ;  iB 
the  female  tbey  are  xhort  and  vtnugbt,  sometimes  quite  rt-alucod,  TIclisJ 
joints  iif  tbe  fifth  and  sixth  pairs  uf  legs  arc  iLxually  rnlai^  into  pai 
lamellie.  which  cover  the  thorax.  Tlie  seventh  fair  is  generally  nidinnsUiT ■ 
Kvli/pkiii  (I'l/pliU  RisMO)  xtviilf  Kisao  (Plat ijirrlut  termtui  Sp.  bate),  Molllrr- 
laneau.     OxjiorjihaliiA  fiitoatur  Edw.,  Indian  Oeean. 


2.  Sub-order : —Isopoda.* 

A  rtkrostnicn  with  uswUit/  IrrtMui,  man 
or  lets  arcJtttl  lio<li/,  tnl/i  ttren  J'rtt  tk' 
racic  rinijt,  with  htmeUar  la/t/utictm 
ing  (u  hrtnicJiiu-  oh  tlie  thort-riti</ti, 
often  reduced  abdouten. 

The  Mtructtire  of  the  body,  wliidi  » 
flat   ill  shajje   mid   t-ovei-eil    by   a  lanl, 
UMUilly  eiicnisted  iiiK^guaient,  preM'Ul* 
a  gmit  it^eement  with    thut   of  the 
Amp/iipuda,   to   which     the    in    uiwiv 
respeiets   jjivuIIht    Ttuwidtt    »i>e    must 
nearly   allied.      Tlie  abdomea   of  tlit^ 
Isopodsis,  however,  uatiidly  lourh  shorl- j 
eued  iiiid  composed    of  sL\  slmrt  *%~ 
luentii,  which  are  of teu  fuaed  wiiL  oi«>  ] 
another ;    it   terminates  with  a 
citudiil  lamelli).    The  ubdoniiniU  lejk:^  onl 
only  exceptionally  (Ttmaiila) swiuituiug  1 
feet ;  as  a  rule  they  liat-e  tlie  form  of 
bnirichial  Limellw.     The  sixth  i*ir  tn»y  I 
1h'  fin-like  or  .styliform.     Tlie  antfnor 
uuteiiTue   ttiv,   with   a    few  exr»"pli«n*i 
shorter  than  the  posterior  mid  I'xttwJ 
antenna" ;  in  rare  nisen  ((>iii#ci'/i')tJieT 
bei'ome  so  luwch  redticed  thai  thi'V«J«] 


'II..  fm.-  AMn«.  a,,vau,-u.  (after     hidden  beneath  the  cephalic  caroinof.l 

G.  O.  eiftrp).    Fcnrnle  with  brotwl       ,  .         .  ...  ,   \M 


Fit.. 
G.  O.  eiftrp).     .  »..».o  n..»  .,.,n«  .  »        i  J         _i    I. 

pouch.  Men  from  the  Tcnirai. id*.     In    exceptional   okses   only   (Ajmnim^ 

•  H.    Rnthke, '•  Untcrsiichnnjren    ilbcr  die   Hildunjr   tir"' 
Wassorassol,"     Loiprijf,  IS32.     Ixjrcbonljel,  "Siir   les  ' 
dc8  ('lojxirtides,  etc,"    Mim.  i/u  .Vtmrum  il'liiitt.Hitt.  tii 
1».">(|.     N.  Wagner.  "  Itechercbcn  bur  le  systcmc  oirculntoire  et  lo.  nrgnna 
respiration  die/  le  Porcellion  olarpi,"    Ann.  ih'  *e.  nut.,  Ser.  t>,  Tom.  IVj 
A.  Uobru,  "  Die  Kmbrvonnlentwiciclunj;  do  Asclliis  ftqimli<-ii-."  Zrttm 
ttlu.  /■,.»/„  Tom.  XVlf.,  IHfiT.     N.  B.iliretKky, '-Zur  Kmbrrulojie  rleo 
mamrini',"  Xrituchr. /iir  tritt,  Xoi't.,  Tom.  XXIV.,  18T4. 
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they  bear  two  dugella.  As  in  the  AviphijtotUi,  jmle,  pkuuous  seta? 
»n(i  olfactoiy  cones  are  pi-cMeiit  on  the  iinteuna-.  The  uonth  parts 
"reinsonip  imnisitic  ImipiKlu  MKxW'ivtX  for  piercing  and  suokiiif;.  The 
mwidibleoi  (except  in  Hupi/rida-  uuil  Onitcida:)  oft-en  be<ir  ii  tliree- 
JMnied  "pHlp.  On  the  otlier  liuud,  the  two  pairs  of  ninxillie,  which 
•"^  n>iially  hi-  or  tri-loh«l,  are  iji  geneiiil  without  the  jutlj)iform 
»P[iemLige.  The  luaxiUipeds  foi-m  a  sort  of  uiiderlip,  hut  present 
P««t  differences  in  the  iimingement  of  their  parts  (fig.  358). 

As  n  rule  tlie  seven  jwiir^  of  thonicie  legs  ai-e  ndiipted  for  walking 
Of  HttMchuent,  and  in  tiie  feumle  some  of  theui  iii-e  prondeii  with 
Iddieate    membranuus    plates 
l{oost«^eti)  whii'h  fonn  a  hnxA 
onch.     They  never  bear  gills. 
TLe  hrauchial  function  is  dis- 
^Bcharge<l  by  the  delicate  inter- 
^^■aI     rauii    or    eiido}>odites    of 
^Bhe    abdouiuittl     limbs    (pleo- 
l^^ods),    the    anterior    pjiir   of 
wliich    is  fre<pu-ntly   miKlitietl 
to    form     a    large    opercdium 
^—overlying  the  following  pairs. 
^Hb>   ceilain  of    the    teiTestrial 
IscijkkIs  (Porcellio  and   Arum- 
alio)    the     01)eixMilar     plates 
the  two  anterior  pivirs  of 
[llKlouiinal    limbs     tn^ntain     a 
(r>tem  of  aii-  spaces  whii-li  ap- 
•  to  aeiciiiit  respinition.    The 
beart,  unlike  that  in  Amphi- 
|>ods.  lies  (except  in  Tiniiiiilif) 
in  the  posterior  tlionu'ic  seg- 
ments or  in  the  abdomen. 

The  sexes  are  (excej)l   in   Ci/mothouitr)  sepai-ate,  and  the  jxisition 

and  arrangement  of   the  generative  organs  corresjxind   in  general 

ith    those    of   the    Atiip/iijMxla.     The    sexes    ni-e    distinguished   liy 

Ktenial  sexual  cliameter.>,  wliich  in  some  cjuses  (Jiopi/ri/lit)  may  lead 

a    sti-ongly-marked    dinior]ihism   (fig.    'i^>d,  ii,  b).     In    the  male 

tubular  testes  unite  on  either  siile  to  fonn  a  dilate<l  seminal 

sicle,  from  which  the  vasa  deferentia  are  given  ott".     Tlie  latter  are 

xjuently  separate  along  their  vvti«le  length  and,  at  tlie  end  of  the 

bt  thoi-acic  segment,  efich  of  them  ontei-s  a  cylindiiwil  ajijiendage 


Fig,  ;I5«.— ^Vyi/i'  Ifntmrhiufia  <&ficr  (Vininltu  nnd 
PniiL'cri).  «,  Feuiulb  Men  from  tbe  voiitral 
Bidt> ;  Brl,  oitalrgito;  A',  bmnchlv.  b, 
Abtlomen  of  tho  i^anic  struuKb'  nittffuiflGd, 
with  iblhoriutf  nmle. 
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{Atolliu))  or  they  unite  together  into  a  common  mei)i>ui  [leui*  wlirfi 
lie«  lit  the  bii«e  of  the  Hbdomen  {Onitcitltt).  A  p«ir  of  Rtvliforni  w 
couplioited,  hook-bearing  up{ientliigea  of  the  nnt«rior  Hlxloiuiiiu)  M 
are  to  be  looked  iijxjn  as  !to«-ssory  «)pu!«torv  organs;  in  u«liliti(m 
to  these  a  pair  of  oiitwiirdly  turned  ciiitinous  itxls  on  the  mneradt 
of  the  second  pair  of  feet  may  aluo  be  prevent  {OniteitUr).  TV 
Cymothoid<r  are  herniiij)hrof1ite  •  (Btillar),  but  the  sexual  nrpts 
become  npe  iit  difVei-ent  (imes.  In  the  young  ;itage  the(«  anioi>l> 
function  liK  mules,  and  possess  tJiree  pairs  of  tee>t«s,  two  rudiniectirj 
OMiries  inteniiil  to  tlie  tesites,  and  n  piure«l  copidatorv  orgim  inw 

which    the    two    %•».•«    defervtili* 
'  «  open  (fig.  360).     Aftw  « sntir 

quent  eolysis  and  iifter  the  f^ 
mHle  glands  have  developni  lU 
the  expenNe  of  the  gradiuU; 
diminishing  male  gUnd:s  ^ 
oostegit«»,  which  in  the  meantisu! 
Imve  been  developed,  Ijecoiutr  fr« 
on  the  thonu-ic  le^  luid  the  copU' 
latory  organs  are  thrown  off. 
Hent-efiirwanl  the  nniniaJ  full^ 
lions  only  lus  n  femide. 

The  embryonic    developnest 
bt^gins  after  the  entry  of  tlifffSk"' 
^^CB)J  ijito  the  bro«xl  jiouch  luid  i»  in- 

troduced by  a  centro-ledtlud  «f(f 
ment«tion.  the  centnd  part  li 
the  egg  (food  yolk)  i-cniuining  «l 
first  unsegraented.  The  Wiuto- 
derm  scxm  ctmsists  of  a  fit-iiphp- 
ml  layer  of  nuked  nucle»it«<l  crJl* 
nnd  produces  by  a  rapid  grnwth 
of  its  constituent  cells  the  veutrtdly  pbu-eil  gienuinal  Innds  *t  •'"■' 
anterior  eml  of  which  the  cephalio  lulies  are  first  marked  off.  The 
rudiments  of  the  trifoliate  appendages  (dorsal  organ)  of  the  l»»p>J 
eujbi'vos  are  next  formed  ns  two  prominences  on  the  cephalic  loW. 
The  jihysiologii-al  ami  uiorjihological  meaning  of  ihtwe  striiclur»*  h»* 
not  yet  been  explained.     Of  the  appendages  the  two  pniiis  of  «nt«?niu« 

•  J.  Bullav.  "  Tlip  (jcncrniive  organs  of  the  I'lirasitic  lM)))fi('A,"  Ji'trrn.  Jnf. 
y/i;/«i(V..  lHT>i.  P.  Mayor,  "  UcVicr  den  Heimnplir(iditi«nius  eiiiiifcr  Itoiioika,' 
Mittlicil.  am  riir  Xtvl.  Slat.  .Xrajtrl,  1879. 


Fie.  !KI|>.— Frnwlenr  CfmaUoa  BamM  (after 
M.  E<lwiinl»).  Orl,  ooticidtc.  0,  St^xnnl 
•jr^fHttfi  from  n  Cgiin'thva  irtfridft,  13  rom.  in 
lenirtb  (afl«r  P.  Mbj-ft).  T,  Tbe  threii 
t«iito« ;  Or.  (.vary ;  Oi',  ovidacl  -,  I'rf,  vas 
deTarcn* ;  P,  penU. 
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nsfc  formed.   After  these  have  made  their  appearance,  a  new 
e  larval  stdn  corresponding  to  the  Naiiplius  stage,  is  formed 

the  case  in  Ligia  according  to  Fr.  MUller).  While  the 
endages  are  successively  developed,  the  caudal  region  of  the 
Bcomes  bent  towards  the  dorsal  surface.  Of '  the  embryonic 
M  the  chorion  is  the  first  to  disappear,  then  the  cuticle  of 
dei-m,  and  finally,  when  the  embryo  is  fully  developed,  the 
skin. 

ung  animals,  when  they  become,  free  in  the  brood-chamber 
,  are  still  without  the  last  paii*  of  thoracic  legs ;  in  the 
the  abdominal  feet  are  also  wanting.  They  undergo  not 
able  changes  in  the  form  of  the  appendages  until  the 
t  of  sexual  maturity. 
ida  may  therefore  be 
idergo  a  metamorphosis 

most  complete  in  Ta- 
niza  {Anceus)  and  the 


ypoda  live  some  in  the 
in  fresh  waters,  and 
and  (Oniscidte).  They 
/hemselves  on  animal 
many  of  them  are  para- 
>m  complete  endopara- 
onisms)  principally  on 
and  in  the  buccal  and 
cavities  of  fishes  {dj- 
or  in  the  branchial 
)rftwn8  (Bopyridw). 


Fig.  361.— Larva  of  Bopj/nu  virbii,  with  (six 
pain  of  thoracic  leers  (after  R.  Walz)- 
(7,  Under  lip ;  Jbt,  first  abdominal  aeg- 
meut;  .i4',  ./I",  twopairsof  antenne;  Mdb. 
mandible. 


Tribe  1. — Anisopoda.* 

ore  or  l^ss  reaembliny  that  of  an  Ainphipod.  The  ahdomen 
%mis  svyimming  feet  (Tanais),  which  do  not  function  as  ffilU, 
.•like  feet  (Anceus). 

laidaa.  Tanaii  diibhia  Kr.,  Brazil.  Two  kinds  of  male?,  "smellers 
i."     T.  gracili*  Kr.,  Spitsbergen. 

tniiida,  Anceidse.  Aneeu*  niaj-illari*  Mont.  (,Pr.  ceervleata 
■th  and  We.st  coasts  of  Euroj*. 

reSpence  Bate.  "On  Pranizaand  Anceus,  etc,"  Ann.  of  Xat.  Hirt., 
.  11..  1858.  Hesse,  ■'  Mi-moire  snr  los  Pranizes  ct  Ics  Anctes." 
r».  Xat.,  Ser.  IV..  Tom  IX.,  1864.  Fr.  MUller.  "  Ueber  den  Ban  der 
ein,"  Areliir.  fur  \aturije»ch,  Tom  XXX.,  1864.  A.  Dohm, 
nng  and  Organisation  von  Pranizn  maxillaris  sowie  zur  Kenntniss 
jn  Paranthura  rostana  "  ZeitM'hr.  far  iri»».  Z<wl.,  Tom.  XX.,  1870. 
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Tribe  2. — Eoispoda. 

Soili/  loilh  a«v«n  free  thonicic  tegmenta  and  at  vutny  pain  ^1 
ajtjteiflftffet.  Abdomen  relntiveli/  t/iort  and  broad,  toilJt  oUoimmII 
/«t  iiuxlijifi/  loj'orni  hranohitil  lanieiifr. 

Fam.  Oymothoida.     With  bitinf;  and  sucking  mouth  (lartB,  tiroad  ab 
witb  shun  segnnints  aud  shicId-Ukc  cKudal  plate.    The  last  maxil 
forni  of  ail  oporciilura.     Tliey  live  [lartly  iw  ).>itru!Ut«s  on  fi'li.  :•  ' 

frec-liviui^  unimaU.     f^i/uwl/uxi  arntrum    Ix'ach.,  (7.    xtl midrt    Ilisso.   llaiilrt- 
raiicnii.       AiiiUirnt    mrililerrniirti    Lcarh.,    JCj/'i     hicariHOta    Leach.,   .Srr»tl^ 
partiilorii  Ka'>r, 

Kam.  SphBTOmida.     Kroc-living  Itopmla  with  brood  bead  and  »hort,  "RT 
conTex  UmIv,  which  can  often  lie  rollod  up  in  n  bull  towsnLs  Ih-- 
Sjihirrimw  /'nmurvm   Mont.,  in  the  I'onlino  uiarKhcs ;  nearlj  ail 
grantiliitHiH  (.f  the  Mdifermncan.  !i.trrratum  Kahr.,  Ocean  and  .M f  1 1      .    ■ 
It  also  livfj*  in  brackish  water. 

Fam.  Idotaida.  Free-llvinif  hopoda  with  elongated  >io<1t,  Ir  ,•  .-5 
|»rl-i.  .iiui  a  loM|Lr  caudal  shiuld  formed  of  devcral  acgments  fnsul  ti.L'>'tli- 1  1" 
laxt  pair  of  aljdominal  feet  is  roo<lific<l  to  form  a  wiu)f-shapcd  ojierciiluiji  I"! 
the  prolection  of  the  prccmling  branchial  feel,     frlotra  rn/umfn  L.,  Baltic 

Kam.  Aiellida.  Bbdy  (lattened  ;  the  Inst  pair  of  alxloinlnal  feet  (pln>(icl<' 
arc  stylifiirui  (not  (.hajjod  like  an  open.'ulHm).  J<rra  alhifrum  Mout..  Bmni 
teaH.  AKellim  uijuaticHt  L..  fresh  water  form.  -1.  entutirut  Schiwlto,  in  •!«:? 
uprini^s.  LimHurui  terrbrnnr  Lcacli.  /..  liffimrvM,  gntivra  w(K)d-work  Id  Ik 
«ca. 

Kaiii.  Bopyrida.  Parairitie  in  the  branchial  chamber  of  prawnt :  the  I>"1.»  "< 
the  female  i-  ili*.'-*lia|Kwl.  un«yinmelin>-al,  and  without  eyot.  The  uuli-  «-" 
rcry  aiiiall  and  elon^ti.'tl,  with  dJNlinctly  scpamted  w.'gni('ntii  and  eyea  litfj'*' 
tqvHhirum  Hatr.,  on  Pala-moH  njuitln. 

Here  are  allie<l  the  Eiifoiiitrii/ir,  which  an*  iiaraaitic  in  ihe  ln»!y  ca''t'    ' 
other  CruMtaeeii  (^('irripnlhi,  PayHritlir,aai\  (?ral)»),  OryptoHitfiu ploiu 
Fr.  Miill.,  iianvditic  on  Sticrulim)  pitr/mreii  of  a  PayvrHt,  Brazil.    Cr.  fr^—" 
Bathke,   iHiraiiitic   on   Pelti'ijniitrr.      UntOHiMVA  I'nrri  lla>i4r   Fr.    MlUL,  lim 
between  the  heart  and  the  intestine  of  a  s]>ecies  nf  I'tirtrUnna  in  Bnuil. 

Fiim.  OniscidiB.  Land  Isojxuls.  Only  the  internal  latncU*  ((inilo|«»liti:^1 
of  the  alKlomiiial  feet  in-e  modified  to  form  delicate  branchiw,  the  Mopdlio 
cou.stitutinL'  tirm  operculn.  The  two  anterior  abdominal  fcvt  ore  aovx^ita 
provided  \rifh  air  chainbeiis.  The  mandibli-i  an:  without  palps,  Thr;  'J« 
mostly  in  ilainp  places  un  land.  Lig'in  nctaniea  I.u,un  »toiics  ami  n>''>  ^ 
the  9ea  oonit.  UHhctm  mnniriy  Cnv.,  PnreeWo  unhrr  Iieach.,  Xmtii-' 
vuif/uriA  Lair.,  A.  ofHciiuiruiu  Urdt. 

Order  2.--THoaAco8TBACA.* 

MalaeoHrtwa  lOtfA  compotind  eyet  mhich  are  itrualiif  fthctJ  • 
morabU  Hnlks,  with  a  dorsal  n/iiebl  ir/iio/i  oanneelt  all  ur  at  W 
tJie  anterior  llwrncic  seymeiU»  irith  the  hr.ad, 

•  Iti'sdes  the  larger  works  of  Ilerbst,  M.  Kd^-ard-t.  Dana.  oimI  the  a»»j» ^ 
Duvomoy.   Audonin    anil    M.   Kdwanls,    Joly,  Couch,  etc.    uomiarc  Le*t 


TKuUAOiSTIi  Vf.V.  -I()  1 

Tlie  Thonicuisfraca,  liki'  the  Artlirostriica,  possess  a  cfpliiilo-tlioiiix 
Composed  of  thu-teen  segments  iijul  an  abdomen  composed  of  six 
segments,  as  well  as  a  caudal  plate  (telson) ;  but  the  body  is  stouter 
And  adapted  to  a  more  perfect  locomotion  and  a  higher  grade  oi 
life.  The  thorax,  instead  of  being  composed  of  seven  di;«tinctly 
separate  segments,  is  covere<l  by  a  dorsal  cai-apace  wliieli  effects  a 
firm  and  intimate  fusion  between  the  head  and  thoi-ax.  The  degrees 
of  development  of  this  dorsal  ctii-apace  are  various.  When  most 
highly  developed,  it  forms  the  dorsal  integument  of  the  anterior  or 
of  almost  all  the  thoracic  segments ;  and  its  lateral  portions  only, 
which  liave  the  form  of  wings  and  are  bent  towai-ds  the  ventiul 
surface,  consist  of  a  free  reduplicature. 

Tlie   application   of  the   appendages    differs  from   that    in   the 

Arthrostraca,  and,  indeed,  varies  in   the  different  groups  of  the 

Thoracostraca,      The  cephalothonix   has    thirteen    pairs,   and    the 

abdomen  seven.    The  facetted  eyes  are  born  on  two  movably  sepai-ated 

stalks.     These  were  for  a  long  time  considered  as  the  anterior  pair 

of  appendages,  while  in  fact  they  are  merely  lateral  portions  of  the 

head  which  have  become  jointed.     Both  paii-s  of  antenna;  belong  to 

the  anterior  region  of  the  head.    The  anterior  antennte  or  antennules 

as  a   rule  bear  on  a  common  shaft  two  or  three  flmjella — iw  the 

peripheral  multiarticulate  filaments  ai-e  called — and  are  pre-eminently 

sense  organs.     In  the  Decapoda  the  auditory  ve^dcles  are  placed  in 

the  basal  joint,  and  on  one  of  the  flagella  there  are  delicate  hairs  and 

fibres,  which  are  in  connection  with  nerves  and  are  to  bi*  l<x)ked  on 

as  olfactory  organs.     The  second  antennie  are  attached  externally  to 

and  somewhat  beneath  the  antennules.     They  bear  a  long  ilagellum 

and  in  the  macrurous  Decapoda  are  often  provided  with  a  more  or 

left)   considerable   scale.     A   gland    (the   green   or  antennal   gland) 

osually  opens  on  a  conical  pi-ocess  of  their  l)a.sal  joint. 

The  following  three  pairs  of  appendages  function  as  jaws;  the 

powerful  mandibles,  which  are  fumishe<l  with  palp.s,  lie  at  the  side 

of  the  upper  lip ;  further  backwards  are  the  two  pairs  of  lobed 

nuudlbe,  in  front  of  which  and  behind  the  mouth  Ls  the  .small  bilobed 

.  underlip.     The  following  eight  paii-s  of  apjiendages  pre-^ent  a  very 

"  Slalacostraca  podophthalma  Britaiinioe."  Ivondon,  1817 — 1821.  V.  Tliuiu|ist<ii, 
"On  the  metamorjihosU  of  Decapodous  CruKtacca."  Xool.  Joiini..\o\.  ii..  1831. 
aUo  Iti;  18.14,  183(5, 1888.  H.  Rathkc.  "  Uiitersuclmngeu  iiljer  die  Bildunjf  uiul 
die  Kntwicltelung  des  Flusskrcbses,"  J^ipzifr,  1829.  Tli.  liell,  "A  history  uf  the 
British  titalk-cyed  Crnstacea."  Umdon,  18.")3.  Lerelxmllet.  •■  Bec"hen-lic« 
d'embryolojrie  cninparte  sur  le  ddveloppeinent  ilu  Biochct.  de  In  I'cTcliv  et  de 
i'Ecreviusc,"  J'aris.  18(>2.  V.  Hciisen,  "  Studicn  iiber  (lis  (ichiimr^'nn  dcr 
Ducapoden,"  I.«ipzig,  1803. 


462 


CBUBTACE&. 


dit1i>i-e]it  form  and  ndiiptation  in  the  varioun  git>upK,  A»  n  ml*',  ll* 
anterior  jjiui>  are  iiii>i1itii?<t  to  a.-vMst  in  (Hkiiij;  uji  food  nml  "it  nund 
li«irei-  tlie  mouth  ;  tliew?  ni*  the  mnxilliiM-ilN  which,  witli  ivgdnlu' 
their  6.truetiu-e.  hold  an  iiitennediHte  pOHition  between  jaw*.  Mui  (ml 
In  the  Jhcajioda  (fijf.  3(52)  tlu-ee  piiii>i  of  nppendnge^  h«ve  th<'  ftm 


Fit..  Ms.— Mntc  mil  frmnlr  of  A,It«> /<■ '  '•■  '->■■  '•■  ">  "■     -  ■■■  "  ■'  -■■'"      i..  .i' !«.'»ii* 

HuibulnUii?  Kuil  afKloniliinl  rin^l  of  t1>> 

biilut'iry  f«i  "f  the  riKtit  »((lc  »nil  i' 

mitcuuir  ;  /*/,  ftcnlnof  unteiniu  ;  MJ,  iiiHUtiitik-  kiiU  iHtt|i ,  J/-  .  Mj  ,r.(>(  v..i*«c7;iuJ«tf^* 

tf^'  t<>  V'/'.  the  three  )uiire  <if  muiilllpwU  ;  6u>,  i^nill&l  niHmln|[  I  Av,  S|«lM(rf^ 

(n^eoii  ijlunil ;  y,  K\  first  Miul  Aecnnd  alidumliinl  fi>ot  j  Or,  cj(ff» )  J,  fttiiiK. 

of  mnxil!ii)ed8.  so  that  tlifif  are  only  five  |M«irs  of  lej;«  Wt  on  i^ 
thoriix.  In  the  StmiKittijioiln  the  first  five  jmirs  of  thormrii*  ikp|Min<l 
iigen  ni-e  modified  to  form  nuixillipeiUi  ojid  there  nre  only  tiini»r  jwm 
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[  birHiuou»  Hwiuiuuiig  feet,  wliicli  arise  froui  tlie  three  posterior  free 
uentti  of  the  tlionix.    Tlie  thonicii"  legs  iii-e  either,  at  least  in  part, 
birsuious  (with  sunimnincrriiimis),  oriis  in  the  Deiiijiods  the  exopo<lite 
xibiteiit  liud  the  lefjs  hiive  the  foi'Ui  of  iiiulmlatorv  apiJendnge^.    They 
Bjen  tenuinnte  with  simple  claws ;  the  anterior  frequently  with  liirge 
nel*.     The  terminal  joints  imiy  however  he  liroiul  pliites,  in  which 
they  n<n  he  used  iis  swiuuuing  feet.     The  hininious  legs  of  tlie 
th  abtlnuiinal  segment  are,  «s  a  rule,  broad  and  fin-like  and  form, 
?ther  with   the  last  ulxlominal  seguient  which  is  tr:iusf<>rmed  into 
likrgi*  plat*  (t^^lsou),  the  o/fH//<i//iH.     The  feet  of  the  five  iiiitcrior 
loniinal  segments,  on  the  other  hand,  ai-e  sometimes  swimming 
St  (.sv<>)„/(<(y»o(/a),  sometimes  serve  to  caiTV  the  eggs,  or  the  anterior 
ky  assist  in  copulation  (in  the  male).     They  may  however  be  moi* 
less  rudimentJiry  iiud  some  of  them  Rl>sent. 
With   nire    excep- 
tions   (Myskiir)     nil 
*l>t    Tlioracost racn 
poisess    gills,    which 
•re  either  tufted  or 
«)in|>osed   of   regiiliir 
liticet-sliupetl    leaves. 
Tlie  gills  are  appen- 
Mges  of    the   liml)s: 
the    Stoiii/i/i>jMti/a 
[key  are  attached  to 
llie  aMominal  feet,  in 
the    Schiznpodd    and 
^tea}>oda  to  the  maxillipeds  and  ambulatoiy  feet.      Tlie   Cumacm 
ttilhont  gills,  except  for  ii  single  jwiir  on  the  second  pair  of  mnxil- 
Speds.     In  the   Decapods  they  ai-e  coutHiiitsl  in  n  sjiecial  bmnchial 
linmlier  beneath  lateral  e.vi>ansions  of  the  carapace  (bmnchiostegite) 
^fig.  3'>3). 

The  organs  of  circulation  also  attain  a  high  degive  of  development, 

the  highest  mil  only  among  the  CruHiicua,  but  in  geiienil  amongst 

Arthi-o|xxls.     A  heart  and  ve.ssels  are  always  present.     In  the 

itituU-opnda  the  heart  ha.s  the  form  of   an  elongated  tube,  which 

(tends  through  the  thonix  .■md  alMlomen,  [lossesses  numei-oiis  ]Hiii-e<l 

|it«,  lUid  in  addition  to  an  anterior  and  a   posterior  aorta  gives  off 

the  right   and  left  several  branching  arterial  tninka.      In  the 

Ciniiaefit,  Scliizvjxida   and    DectijMxla  the  heart   lias  a  sfuvulai-  form 

aiil  lie*  in  the  p4>sterior  I'egion  of  the  oephalo-thorax.     More  mrely. 


l''it..  3(C1.  — ("cphjilotliiintx  nr  .IftiirmjtHC'iiftItt,  nfier  rnmoTol 
of  the  bmncbi'mtegiie  (ifter.Huxlcj).  A',  Gill»* ;  J?,  rod 
trum  ;  O,  ntHlked  eye  :  Mp,  ara)ibafninthiU!  (of  the  wcoud 
miuullii)  i  Mrf"',  third  mnxillipe<l. 
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«i  IB  ikfc  jroongeat  tanrte  of  the  Deeapoda,  unly  one  p<ur  of  tJib 
|«MU>t  aad  ibe  arwrinl  >^-Ktern  hiiM  but  few  bi-ancheii.     In  the  (nil: 
the  number  of  jwirtnl  «lit«  is  mcren.>«s)  W  i 
of  *  dotaal  itnd  n  ventmJ  {»iir.  )Ui<l  the  vatsruliir  iir»teui  i 
po— iiihi»My  pnffwrteil.     An    tintorior  cephalic   Horln   supplife 

U>e  aatentMc  uul  eyts.      Two   httei-al  pitii-s  of   arterit»  -usA 
>  to  tbe  stomncli,  liver  lutil  ^euenttive  oi-^mtii.     The  p(»ti 
•UoBunal  aorta  nsnally  div-ides  into  a  dorsul  )Ui<]  ii  ventnil  iirUrn', 
wkiek  tl»e  first  ^applies  the  miis9c]e«  of  the  tail,  the  latter  (knonTi 
Fwtery)  aHiils  branches  to  the  iippendngen  of  the  thona 
(fi^  S64).    From  the  mniitimtions  (often  capillnry-hkr) 
blood  flmn  into  \»rgw  or  ^lunller  itaniils  with  connective  tissue 

r  ht   regMtled   «s   veins,  and    from    thenoi'    \<  Wl 

) skaUed  at  the  base  of  t}ie  srilk      It  thence  pi-^  .bj 

Km. 


Td 


T     it 


af 


F^  r  -  ~ 

Mmm  jtnMUlf  ^tt\m  Buler).    t .  Bnn  i  A 
tks  «t>nul  TUxf  (Sl»i  ia  kitco  ciff  cIcmO  M 
A  IMcMae  i  £,  Unr :  r,  tectit,  r<  nt  dflma 
i  X.  pn^kBtc  cwd  i  ^  lalavl  |il»U!  ot  Ui>  nunlk  Ci. 

Wvin^  iKtwie  utcmt,  panawi  into  other  vn^tnh 
(WuitltakI  reins  coaiainiBf;  wrt«riaJ  Mood),  which  conduct] 
«•  a  rw«|itaMlt  annnaJ&ag  the  Iteart,  the  pericanlinl  sinius  :  fnin  < 
teltar  UwMmmI  «titi«s  tW  lw*Tt  tliroogh  the  xliti.  which  are  ] 
villi  vaKn^ 

^[^  t^attSnj  mMtltomaiSU  at  a.  sbon  tcBuphn^is  H  wide  i 
tnf  a»4  Mk  claa^iMl  artntiiie  «kit^  opens  by  the  huiis 
tlie   ■  I  likn  piMe  (tekoa)  ef  tbe  maiiai  fin.    The  wide  n^ 
i$  4li|ifMnc<l  by  a  firi!      '  '  ' 

■f*  ■<T><  JwtMal  pMn  of  aMlir.' 

ef  tW  cikiiiawtt*^  BbwCV     I»  the 


ivpriu^  *od  *an 
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ductti  of  Ihe  very  numerous,  multilubt-d   hepatic  cwcn  open  into 
unt*rior  piirt  of  the  eloiijErated  uitestiiie. 
simple  or  Icxipeil  gliiinJiiliu-  tiilie  (the  ijrei'ti  ijlaiul)  ojjcii.s  on  the 
joint  of  the  jiosleridr  antenna.     A  shell  glaaid  is  not  developed, 
nervoiu  system  is  distinguished  by  the  size  of  the  bniin, 
liich  Ls  pliice<l  far  forwards  and  gives  off  nerves  to  the  eyes  and 
tenna>.     The  ventral    cord,   which    is    connecteil    with  the  siipra- 
phageid  giiuglion  (brain)  by  very  long  couunissu res,  presents  very 
trent  degi-ees  of   concentn\t.ion.     In    the  hnu'hyiirous    Decapods 
concentration   refiches  itj>  highest    pobit,  all   the  ganglia  being 
together  to  form  one   great  tJiomcic  ganglionic   mjiss.     The 
■>>feui  of  I'lMCural  it-ervtn  Ls  also  very  highly  de\elojxHl. 
Sense  organs.  —The  eyes  are  hu-ge  and  facetted.     Except  in  the 


SUB.  — (jenerntiTe  OTSMIS  Of  -<»/ui-ii«.  u,  KenuUo  ;  h,  uiale.  Or.  nrario ;  (hi,  oviciuci ; 
I'm.  vulva  un  the  iMMl  loiiit  of  Uie  tbird  piUr  of  iimlmlnlory  leK*  (F") :  T,  tMtU  i  »'.(, 
vMilefcreni;  0*,  KvnUal  openinKS  on  tfaebiual  joint  of  tLo  eftb  p«ir  of  unbulatory 

nnmcea,  in  which  the  eyes  are  sessile,  they  are  bonie  on  movable 

»lks,  which  moiphdlogicnlly  are  to  he  regarded  iis  the  lateml  pirts 

the  anterior  n-gion  of  the  head  which  have  been  .segmented  oH*. 

the  larvu  a  median  simple  eye,  et[nivalent  to  the  \inpaii-ed  Ento- 

tnican  eye,  uiay  appear  between   the  stalked  facettt'd  eye.-.     In 

optional  ciuses  the  afhilt  animal  may  have  piured  eyes  at  the  sides 

the  tlioracic  appendages,  and  unpidred  eyes  between  the  abdominal 

et  (Knpluiiisiii).     Audiloi-i/  orgau«  ai-e  wanting  in    the   t'umiiceii 

i    StowuU'iMHla.     In    tlie  JJecapoda  they   ai-e    present  a.*  vesicles 

taining  otoliths  in  the  ba.sal  joint  of  theauterior  imtenna,  and  in 

V  Srhixopoiln   ill    the   laniellie   of  the  cjmdal  tin.     The    delicate 
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filaments  tuid  IihIi-s  on  the  surface  of  the  iinterior  luitenuw  liate  tli€ 
viilue  of  ol/iictori/  organs;    tlie  auteiinii'  f\tiiotiou  us  tnet'dt  oryam^ 
U.S  do  hIko  tlie  pulps  of  the  jnws,  the  mllxillipe<^^  and  the  legs. 

llie  generative  organs  ai-e  paired  and  lie  in  the  ihor»x  or  in  tl* 
abdnmeii  (,Stviii(Uo]>oda ),  and,  aa  i»  rule,  are  connected  aon*»  ili? 
uiid<lle  line  l>y  a  median  jxirtion.  The  female  orgmns  conaUt  of  Km 
ovaries  and  (wo  oviduot!<,  «  hich  ojien  on  the  bnsal  joint  of  the  ami  ■' 
idtimnte  piir  t)f  amtjiilatory  legs  or  on  the  Kterunl  region  f>fi«' ■: 
these  apj)endageK  (tig.  365,  a).  The  testes  (fig.  36ft,  h)  are  compw^ 
of  nnmemus  sjics  and  lijind  tnlies.  luid,  like  the  ovaries,  areconnev'tfl 
by  a  median  portion  ;  there  ai-e  two  va.sa  deferentia,  often  niuii 
coiled,  which  open  on  the  ba^  joint  of  the  luet  pair  of  unbuUtoit 
legs,  more   rtirely  on    the  stemam,  and   oocwsiomilly  on  »  ►jineul 

copulatory  orjwit  (•'^>- 
zopodn).  The  first,  or 
the  firtit  and  r«c«nA. 
pair  of  abdoiuimd  iff* 
act  a*  intromittenl  or- 
gans. Tlie  eggs  I'ilbiT 
patvs  into  a  broo<I-p«iucli 
foruietl  by  laniollnr  iiji- 
pendages  of  the  ihnraric 
legs  (Cumetota,  JiAizt- 
poda),  or  lieconie  :il- 
tjiohetl  by  means  of  tlw 
cementing  secrrtiou  <i 
special  glaudn  to  thf 
hairy  ubdaminnl  ffr*  cf 
the  female,  where  (hey  remain  until  they  are  hfttche<l  {^Deeajiodn). 

Development. — Most  of  the  Tlnn-ncottntcn  undergo  a  metaninr- 
jihnsis  whii'ii  may  lie  moi-e  or  le.ss  c<:>mplica(«<l.  The  Ctntmeta,  rticrx 
Sdiizopoda  {Mf/«ui«a)  and  the  fresh-water  Dtcnpoda  (AHaetu)  Iw* 
the  egg  meuibnine.s  with  the  full  tiuml>er  of  !«egraent«  and  «pl*n- 
dagOK.  Ail  the  .StonuUvjxx/a,  on  the  contrary,  iu<  well  as*  most  of  tli» 
Dfcapoda,  are  hatched  as  larvw ;  the  hitter  in  the  no-called  Zo*<* 
form  with  only  .seven  pairs  of  appeiidage.s  in  the  anterior  rvgion  al 
the  body  (there  are  two  pjiiiw  of  antenna-,  mandible;.,  two  jmirfi 
uiaxilla',  and  two  pjiii-j^  of  ni:i.\:iIli[>edH),  without  the  \nM  six  tlin 
segraentjs  and  with  n  long  abdomen  destitute  of  np]iendug{«  (fig.  SW 
TliP  two  pairs  of  antenna.*  of  the  Zoa-n  are  sljoit  and  dwtilule 
flMgella.    The  mandil>les  are  without  a  pidp  ;  tlie  tuaxilbi'  am  oltwil; 


i 


Tm. MM.— Crab  toaes  (Tkia),  nftcr  the  flrat  mnnlt.  ZS, 
ge—  «plpe  oil  tbc  buck;  Kf,  Kf.  the  two  pai^^  of 
trinmoiu  ■ppeadaiivs  oarrcKpaiidlng  tn  the  flrit  itncl 
Moond  pain  of  maxilllpMtt. 


i 


|i'tt>  M7. — Lanr*  of  Penaema  tmher  Ft.  MQIler).  a,  NftnpJiiw  form  lecu  frrtin  the  tlonuil  sar* 
ttrr  •  "-•-'iupllu»  ttttite  Been  from  thu  left  rrido;  ity,  anterior  mitirillK:  Its',  po»- 
ti"  O/,   slxtli   and    novoiilb   jxin  uf    niipeiuUge*   or  Orst  and   Moond 

.  T^iira  uagv  i  0,  eye». 

l>v    the   thin    surfaces  of   the   siile8  of   the  cephalo-thorucie 
^(fld.  lieneatJi  wliioh   «   continual    cun-ent    of   water  ttowinR  from 
111  fniMiii(|s  is  kept  up.     A  ishort  heurt  with  one  or  two  p»ii-» 
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of  slits  is  pi-exient.  llu?  fiit*tt<^  eyes  are  of  con.sidvrHhle  idtf, 
Hrp  not  stalked.  Between  the  fiioette<l  eyes  tlieiv  is  in  Hdilition « 
nnpaii-e<1  simple  eye,  the  EnU'inotli-acan  ei/e.  Tlie  Zuini  lai-ia-  <rf( 
short-tjiiled  iJecapoihi  (C'rulis)  aiv,  as  h  ntle,  iiriiied  with  i^uio 
pr<x*t«Oe».  They  iiKUiilly  hiive  one  fi-ont«l  spine,  a  lon^,  c«ne<l  >\a 
spine,  Hnd  two  latenil  spinous  pi-ocess*«s  of  thecephujL>-thonu?ic»liieU 
The  Zoteii,  however,  is  not  by  any  nienns  idwnys  the  ««rlir.>t  Umi 
htufse.  Passing  over  those  ciiaes  in  wliicli  the  liu-\-a  httA  tlie  Zon^ 
form  bnt  is  without  the  middle  niaxillipeds,  there  art>  Fodv/iliUtitt^^ 
miita  (P«iufu«),  which  le«ve  the  egg  tis  Nsuplii  (fig.  367).    Thn«     ' 


Ftu.  308-  Zo*o  fit  /hocAm  in  advanced  (rtAg«  with  rudiracnu  nf  the  Ibinl 

and  the  Arc  pain  of  ambulatory  feet  <&S/>) ;  (',  heart :  L,  llrvr.     (•,  llifthfa" 
Partmuu;  Jb,  abdomen,  f  lo  F'  first  to  fifth  ambiUaUirjr  (<«• 


the  (leve]oj)inpntii]  history  proves  that  the  series  of  foi-nis  of 
moHtraea  and  Mdlacostracu  lu-e  continuous. 

During  the  growth  of  the  Zoiea,  the  h-ubse<|nent  metnmoi-phui"  * 
which  is  (|uite  frn'dunl  and  always  different,  the  six  (five) 
thonicic  k'ffs,  which  are  as  yet  absent,  s-pronl  out  b«?ne 
cephiilo-thorHcic  shield.  The  nbdouiiuid  feet  aloo  uiuke  their  iippn>r' 
aiice  III!  tlie  iilxlonien,  and  the  larva-  finally  euiter  the  Schi«>|)uil-lJlt( 
stJige,  from  which  the  adult  form  proceeds.  The  Cnib  Zoaa,  L*>»- 
•vor,  after  n  Int^r  ecdyais,  enters  upon  n  new  Inrvnl  (itngv,  that  uf  U* 
Megalvjia  (fig.  3fi)<.  b) :  in  this  stJige  it  ulrwidy  pr««seiitA  thf  cb«- 
racters  of  the  lirnchtfurfi,  btit  still  possesses  a  large  abduuiiii.  •Ii"'" 
is  indeed  ventrally  flexed,  Vmt  provided  with  a  cnudid  tin. 
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The  Thoraeoitraca  are  for  the  most  part  marine,  and  feed  on  dead 
animal  matter  or  capture  living  prey.  Most  of  them  are  good 
swimmers ;  othera,  e.g.  nnmei-ous  species  of  crabs,  walk  and  run  and 
sometimes  movfr  sideways  or  backwards  with  great  agility.  The 
chelw  of  the  first  pair  of  ambulatory  legs  (fourth  thoracic  appendages) 
constitute  powerful  weapons  of  defence.  Besides  the  fi-equent  eaiyses 
of  the  lar\-ai  stages,  the  sexually  adult  animals  ca-st  their  shell  once 
or  several  times  in  the  year  (Decapoda).  They  then  live  with  the 
new  and  still  soft  skin  for  some  time  in  protected  hiding-places. 
Some  Brachyura  are  able  to  live  for  a  long  time  in  holes  in  the  earth 
away  fi-om  the  sea.  These  land  crabs  undertake,  usually  at  the 
breeding  season,  common  migrations  to  the  sea  and  i-etum  later  to 
the  land  with  their  fully  developed  offspring  {Gecarvinus  ruricola). 
The  most  ancient  fos-sil  Podaphtlialmia  hitherto  known  are  the  mac- 
rurous  Decapoda  and  Schizopoda,  from  the  carboniferous  formations 
{Pedifocrangon,  Palaocarabtis,  Pygocephalus). 

(1)  Sub-order:  Cxunaoea.''' 

ThontCMtraca  with  a  snvdl  cepluUo-tlwracic  shield,  {Jour  to)  five 
frte  tltoraeic  segtnents,  two  pairs  of  nuw/Miptds,  and  sir,  pairs  of  legs, 
of  which  at  least  the  two  anterior  2Mirs  have  th«  hiranwus  Sclnzopod 
form.  The  abdomen  is  elongated  and  composed  of  six  segments,  and 
hears,  in  the  male,  two,  three  or  five  pairs  of  stoimming feet  in  (uklition 
to  the  caudtU  appendages. 

The  Cumacea,  the  systematic  position  of  which  was  fonuerly  very 
differently  estimated,  have  a  superficial  r&semblance  to  Decapod  larva?, 
which  they  also  recall  in  the  simplicity  of  their  organization ;  while 
in  many  of  theii'  charactei-s,  such  a.s  the  formation  of  the  brood-i)OUch 
and.their  embjTonic  development,  they  approach  the  Arthrostraca.  A 
cephalo-thoracic  shield  Ls  always  pi-esent  and  includes,  besides  the 
segments  of  the  head,  the  anterior  thoracic  .segments  and  their 
appendages ;  the  four  or  live  posterior  thoi-acic  .segments,  however, 
remain  free. 

The  anterior  antennte  are  .small  and  con.sist  of  a  thi'ee- jointed  Imsiil 
portion,  to  the  end  of  which,  especially  in  the  male,  tufts  of  olfiwtory 
hairs  are  attached,  and  of  a  short  flagellum  and  secondary  llngellum. 

*  H.  Kriiyer.  '•  Fire  nye  Arter  af  sla^ixten  Cama,"  Xatur/i.  Tiihtkr.,  Tom  III., 
1841.  H.  Ki«yer,  "  Om  Cumaccemus  Familie."  Xatwrli.  Tiiltxkr.  X.  R..  Tom 
III.,  184(j.  G.  0.  San,  "  Bcskrivelsc  nf  de  paa  Fregatten  Jusophiues  Exin?<1. 
fandne  Cunwceer,"  ijtockbolm,  1871.  A.  Dohni,  "  Uelx-T  don  Ban  und  ilie 
Entwickelnng  dcr  Cuinaceen,"  Jen.  natunfiju.  Zeituchr.  Tom  V.,  1870. 


470 


CKV8TACEA. 


In  the  feinnJe  the  posterior  antemiR  are  short  iiuil  ruduuvntArr, 
while  in  tlie  nilult  imile  they,  together  with  their  miiltiiirtiruliUc 
flagellum,  maybe  uis  long  iu«  the  liody  (nj(  in  Xebal'ui).  The  ujiiier-lip 
ifi  uKually  small,  while  the  deeply  cleft  under-lip  is  of  con.sider»bl8 
size.  The  miindibles  iire  without  palps,  iind  possess  a  comb  of  britilcs 
and  a  powerful  mustioitory  proce,*  below  their  sti^ongly  lootlit^ 
extremity.  The  iinterior  maxilla:  consist  of  two  toothe<l  bhulcs  toA 
H  cylindrical,  flagellate  appendage  directed  hiickwanLs.  The  iinpnlpnl 
maxilla  of  the  second  piiir  is  conijiosed  of  several  pairs  of  mii.<inilory 
plates  lying  one  alwve  another.  The  two  following  pnini  d 
appendages  may  be  ilistingiiisheil  as  niaxillipedK  The  ant^wr, 
which  corresponAs  to  the  palped  »inder-lip  of  the  laofjvda,  is  fivi^ 
jointe<l  and  may  be  recognised  by  the  jji-oee^s  of  the  ba^^l  joint ;  llic 
jiosterior,  which  is  also  usually  live- jointed,  i.s  of  considerable  Ifngth 
and  the  basal  joint  is  cylindrical  and  elongated.  They  nko  licar  the 
large  pinnate  gill  and  a  peculiar  pinte.  Of  the  i-emaining  six  pun 
of  thorswic  appendages,  the  two  anterior  are  always  fomie«l  like  the 
feet  of  the  Sc/ihopmla ;  they  conaLst  of  a  six- join  ted  leg,  the  h«--ad 
joint  being  sti-ongly  developed  and  lamellar,  and  of  a  multiju-liciilai'' 
accessory  niniiis  (exopodite)  be.Het  with  long  swimming  setw.  Tlii' 
four  la«t  pairs  of  upjiendages  are  also  six-jointed,  bnl  are  shorter; 
they  bear  in  many  ca.ses,  with  the  invariable  exception  of  the  l«>t 
pair,  a  larger  or  smaller  suinuuing  appendage  a*i  eso(>oditc,  Thr 
very  narrow  luid  elongnte<l  abdomen  is,  ui  the  female,  entirely  wifhoui 
swimming  feet,  but  bejirs  on  the  large  sixth  segment  at  the  siilmof 
the  cjiudal  plate  long-stalked  binimims  caudal  styles;  while  in  il« 
male  two,  tlu*ee  or  five  pairs  of  swijnming  feet  may  in  addition  1» 
present  on  the  pi*eoeding  segments. 

Fain.  Oiutylidn.     JJiiiJiti/lin  Jtathl<ii    Kr.,  Xortif  8<3a.     D.  Biminlni  K>. 
J.nici'H  mi*icv*  Kr..  Norway. 


(2)  Sub-order :  Stomatopoda. 

Ehmijated  Thomcoatraca  with  n/wii:  eeplutlo-Utoraclc  nhidci  vi'^ 
doe*  not  cover  the  tlwrucic  neyni^nln.  There  urrjii'ti  ]>tiir  of  nuuiu>- 
pedaarul  Uim  jmir  of  birnmotm  Ihoraeicj'ect.  The  »icimminijj<itt>ii' 
tilt  strongly  (leceloped  abdomen  bear  hrancfiiul  tu/'l-g. 

'   lk'sicle«  I)ann,  M.   Kilwnrds  and  others,  ronipftvc  O.   I'r.   MiillcT,  "  Bwi- 
stilek  nus  i'.kt  KnIwiokiliingKpL-scliiclitr  dcr  M<iiilfU5Wr,"  I.  and   11  .  '*''*•' J'''i 
Nnlunjrteh.,  Tom    .XXVIII.,    1K«2,  mid  Tom  XXIX.,  IHC.S.  ■•Ko| 

Mctamcirpbotie  dcr   S<|iiillidcn,"  Ahhiiiiill,    ilrr   (•£tlin/)rr   .S' 
Oroblwii,  "  Di<;   Ufschlerhl6<irj.T»ne    voii    Sqiiilla  ninnlis,"    ."<<V...  ™. 
Akad.  dtr  Wintrttjuh,,  Wien,  187fi. 


8TOMATOPODA. 

The  sub-oixler  SlouuUopoda,  with  wliich  formerly  the  Sfhizopoda, 
geuns  Lewiij'er  and  the  Pfi;/lloaomaia  (which  ai-e  now  kiiovsii  to 
the  Lirvie  of  Sei/llants  and  Palinunui)  were  united,  is  confiiiod 
at  the  pre(*nt  day  to  the  Kuiiill  iiml  well-detine<l  group  of  forms 
inchided  in  the  Squillul^f. 

Tliey    are    Thorncimtraai    of   eon«idenil)!e.    si/e    and    of   elonfjated 

iihap«^,  with  a  broad,  well-developed  abdouinii,  which  is  much  more 

Lsive  thaji  the  anterior  part  of  the  body  and  terminatea  in  lui 

tniordinarily  larfje  catubil  tin.     The  cephnlo-thon\cic  shield,  which 

formed   of   compai-atively  soft    iiitef(iiment,    is  shoi-.    and    leaves 

letuit  the  three  large  posterior  thoiiuac  segments  to  which  the 

urooits  swimming  feet  belong  quite  unw>vere<l.    The  short  segments 

'  the  mjcdllipeds  also  are  not  fused  »itii  the  cai-apiice. 

Appendages. — The  anterior  part  of  the  head  with  the  eye.s  and 

^pteniife   us   movable,   and    the   ventral    fjortions   of   the   following 

^BlgmeutM  covered   by    the   cephalo-thoracic    shield   are   capable   of 

limited   movements   upon    one   another   (fig.    369).      The   anterior 


Tin.  9».—3ti»UI»  manl.f.    A',  A",   uiieDnie;   Kf,   Xf.ibv  uiiCeriur  moxilUped*  on  the 
ce|>)ikli>tli(inu. ;  B;  b".  B/",  tbe  throe  iniim  of  blnunous  letcs. 

erual  imteniifb  ooutd-st  of  a  long  three- jointed  shaft,  bearing  three 
iltiarticulate   tlagella.     The  second  pair   of   luitenna-   has  a  large 
Je  on   the  outer  side  of  the  multiai-ticulate  tlagellum  (tig.  369). 
iie  mandibleis  which  are  place<l  far  back,  lu-e  pi-ovided  with  a  slender 
e-jointed    palp.     The  maxillae*  are    i-elatively    small    and    weak. 
lie    five    following    pitirs    of    pediform    appeniiages    are    ci-owdeil 
ether  close  to  the  mouth,  and  on  this  account  have  been  appro- 
Hately    describe<1    as    oral    feet.      They    all    bear  at    their   bitse    a 
aiibil  plate,  which,  ui  the  case  of  the  two  anterior  pairs,  attains  a 
i-siderable   size.      Tlie    Bnf.erior    paii-    alone    (first    miucillipetl)    is 
aider  and  palpiform  ;  it  ends,   however,  in    a  .small  chela,    which 
ires  to   seiae   the   prey.      The  diela   in    this  and  ail    the  other 
iniixillipe<ls  of    the   Stomatopo<la   is  formed   by    the    terminal   joint 
Lining  biuJc  and  biting  on  the  penultimate  joint.     The  maxilli]M'<ls 
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of  the  M8conJ  ptiir  nre  bv  far  the  Inrgest ;  Uier  nre  mnved  moR  or 
less  outwurds  and  are  pro\ided  with  «  ren*  large  chela.  The  tbiw 
following  pairs  resemble  each  other  in  size  :uid  Kinictiwv,  r*A 
ending  in  a  ^analIer  rounded  chebi.  Aeiconiingly  there  reuuiiii  fur 
lijoomotion  only  the  three  ptiii-s  of  legs  of  the  last  three  mitt)\wrd 
thoracic  segments;  they  have  the  form  of  liirauioub  swimniinjf  !♦»<. 
The  nlxlominnl  swimming  feet.,  however,  we  much  more  develuped 
and  lieur  the  bnuiehial  tuft.s  on  their  extemaj  bimeltir. 

The  two  sexes  are  only  dightly  different.  The  male  is.  ho«i'iicr. 
.easily  to  l>e  recognised  by  the  jx>sse,ssion  of  the  j»air  of  p:k1<i  st  ihf 
'hasd  of  the  last  pair  of  thoracic  feet,  and  jiImi  by  the  slightly  unxiili<J 
form  of  the  first  pair  of  aUlotninal  feet. 

Metamorph  osis.— Tln' 
post  -  eiuliri"ijni<'  rlevi-lopinwit 
consists  of  a  compliobid 
metamorphosis,  which,  unlnr- 
tunately,  is  /id  yet  not  com- 
pletely  knowii  to  iul  Tin 
youngest  lnr\TPoUserve«I  (nhoilt 
2  mm.  long)  alivady  jn»»=« 
all  llie  8egmeutis  of  the  th"' 
i-ax ;  but  the  abdomfin,  «at»l* 
the  cauiliil  plate,  w  slill  "D- 
develoj>ed.  The>'  are  thiu 
verj-  <lilferent  finm  the  Z««o 
of  the  DttcnjMxla.  1*1" 
larval  stages  are  ilt^cnW 
lui  Aliina  and  Erieluhiu  [if. 
370). 

The  Stomntojiodn  ore  fooiMl 
exolu.sively    in     the    H'snaur 
8e»ui.      They     are    *xcdl«il 
swimmen*  and  live  by  preying  on  other  marine  luunikls. 

Fsni.  BqnillidK.     Sijuilla  maHti>  Rond..  liq.  nrtmnrmtu  Kifso,  .tdrinlic  «»i 
Me'littTrane-iii. 

(3)  Sub-order:  Schizopoda.* 

Stitnll  Thcraooatraen  tmth  larye,  vmutU;/  »ojt  oephalo-thnrneie  i 
nmi  right  pnirt  of  himmou«  thoracic  f««t,  which  are  aiintlnrlyfa 
niut  j'rfjjnentUi  benr/rttl;/-j>rojecXing  gilh. 

*  0.  O.  Satv,  "  Hist,  nau  des  Cnistac^  d'eaa  douoe  dc  Horvi^c,"  Oin<l 


Flo.  370.— TonnR  .Atima  \htv%.  Af.  Atnlomiaal 
Feet  (plectpodn) ;  JT^,  anUsrior  nuucilliiHMU  ; 
^i*f\  the  Uuve  inaxUUpeds  (second  pair). 
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111  their  ontwanl  a]>|Hfl»rHiice  the  flcfiizojiiHln  reseniblf  tlie  long- 
tailp<l  DwHjKxls,  iim.sinuch  !u*  they  possess  im  eloiigHteil  itn<l  iiHiiiilly 
oiiiu|)i-«iBe«l  IkxIv.  a  birge  ifphalo-thorticic  .shield  efiverinf;  tlie  tliorucic 
w^iuvnt>s  iiioi'e  or  less  completely  niid  n  well-developed  Mbdomen. 
In  the  rtmcture  of  their  innxilliped.s  luid  thonicic  legs,  however,  they 
ililfer  efwejitinlly  fi'oni  the  Doo.ipoilK  luul  ji])prniifh  the  nioi-e  iidvimced 
liirvTr  of  the  pntwiis,  wliich  they  idso  i-esemble  in  theii'  simpler 
inienwl  organization.  Further,  in  nil  the  deep  sea  foi-ms  the  cephalo- 
ihnrsicic  xhield  leave"  a  greater  nuuilKT  of  the  thoracic  segments 
free  {Siriflla),  and  in  the  early  larval  stages  all  the  thoracic  seg- 
ment! nre  free  ns  in  Nehalia.  A  larger  or  smaller  Jinmber  of  these 
frw  neginents  subsequently  fuse  on  the  dorsal  side  with  the  cai-apice 
<  ('ti  uthophniigiii), 

Appendsiges. — Tlie  fii-st  tliree   pairs  of  thoracic  apjwndiiges  (the 

l«»iQ<jl()gues   of    the    mnxillipeds    of    the    /*eca/Wn)    nre     binimous 

"•Dwuliitory   legs  and    reseujlde  in  stnicture   the   following  thoracic 

'*'C>i.  which,  by  the  possession  of  a  multiiirticulate  setigeroiis  exopiHlite, 

■•*  Rdflpted  lioth  for  swimming  and  for  prmlucing  cvrrrents  in  the 

"^'t«r,     The  two  anterior  ])aij-s,  however,  sliow  a  closer  relation  to 

'"^  ornl  ap()eii<lage,s  by  their  shorter  find  stouter  form  and  by  the 

P'""^sence   of    processes    on    the    liasal    joint    (Mi/gu>,   t<iri>;lltt).     The 

prii^p,]  raniw.".  (endopodite)  of  the  leg  is  always  relatively  slender 

>«l  ends  «-ith  a  simple  weak  claw  or  with  ii  luultiarticiilate  tai-sjd 

*J?elluni.     Rarely  {Eujihaiw'i)  the  two  Inst  jxiii-s  of  thonicic  legs  are 

***tireiy  rudimentary,  except  a-s  i-egards  the  largely  develope<l  bmn- 

"*iMl   apjiendages.       Tlie    abdominal    legs    nre    usually    small     and 

"^'ii-Bte    in    the  female,    but   are    stiYuiglv   de\eloji€d    in    the    male. 

''^•tiietiineB  they  are  fif  abiKuinal  size  and  form  (to  aseLst  in  copula - 

"♦*lil.    but    only    e.xceptionaliy    (male    of    Sirifllii)    bear   gills.     The 

M*|»''i<I'»ge*   of    the    sixth    segmenl.    which    Ls    usually    very    niueli 

^'Ot)gat«l,  are  always  lamellar,  birnmous  structures  and  forai  with 

^•>e  telson  a  [>owerful  c«udal   tin  (tig,   371).     The  inner  lamella   or 

Wiilo]io<lite  of    this  pair  of   limbs   fri><nieiitly  contains   an    auditory 

'feiide. 

Tlu'  diffeivnces  lietween  the  males  and  females  ai-e  so  great  that 
'iinuerlv  they  were  placed  in  distinct  geneni.  Tlie  former  po.ssess, 
nil  the  antt»rior  antenna',  a  comb  sliapdl  pitniiiiience  lienring  a  gi-eat 
tiuuiljer  of  olfrti'tory  hnii-x ;  an<I,   owing  to    the  larger  size  of  the 


I 


(J.  n.  Siirs.  "rarciniilopicke  Bidrnp  til  Norges  Fanna.  Myirider," 
.nift.  1*70  ami  1M72.  It.  v.  \VillennK;.-'-Snhm,  "On  some  Aflant,  Crus- 
■  f    T,„,^    l.ill.  S.KU,  1875. 


BHjr,  n»atc<n-er,  be  proridol  vitii 
t  wfHe  of  a  mure  mpiii  and  [ctte 
to  wUek  fact  oorret^MMMls  afiiin  Ua 
rt»  aad  the   poMeaaon   of   brandml 


tin  tbe  two  posteritir  ( Hffu)  i 
and  itBterior  (LtrphogaMer)  \ 
of  thorucic  limbs  knelli 
wbicb  fomi  u  bttKx]  [Mmclx,  i 
vhidi,  m&  in  the  Art/troHf 
the  Ikrge  eggs  umlergo 
emhryonic  development, 
other  caseit   (  /'      '  li« 

development  [■< 
morphoHK.  The  yoau^  S^ 
jf/uiinti<i  is  h»tche<l  us  u  Xao' 
plitio  hirva,  on  wliich  the  tlin* 
folluwing  jMiirs  of  ap{iMiil»^ 
(mitxillie  Hml  first  maxillijir'<Ui 
soon  appear  as  snmli  |>i"iii' 
nences.  The  lurge  cMi-npiw 
of  the  NaupliiiK,  uLii'li  u 
curved  forwards  n<tmil  lbs 
btiJie  of  the  luitcttuuo  nhen;  it 
hiLs  a  serrut«tl  edge,  u<  thr  I 
rudiment  of  the  eepbido-i 
rncic  shield,  find  lierawtb 
at  the  sides  uf  the  unp 
eye,  the  rudiuieiiU  of  the  lata 
ral  eyes  are  » iidble.  The  htrttl 
then,  having  moulted,  tmemami 
&Nt  the  form  of  the  Pnto-l 
cOMi  and  theti  of  the  Zat\ 
(desrribeii  by  Lhuin  aa  CtJff- , 
topU),  which  is  howrtw  p»^J 
nded  with  only  ii%  pilr»  rf' 

ap(wn<Ugi«  and   a    long,  already  fully  Kegnienteil,  a]>od;il  xUU'inin. 

In  ihe  iimiierous  Mutvcdiiig  larvn!  stages  (t'nrcUiOt  Cytayioi  i 

ivHMiiniiig  Mp|H'udi>p»  ar«  saceesiviely  developed. 

yta   ltj«W«      V. .:.  ,..>r;,Tikmir«..  M.  • 


Ki«.  y7\.—ifynt  amrala.     FramJo  Willi  hroot 
iMnvlliV    liifwr  (}.  O.  Sun),      til,   AwUsoiy 

VMlcl*. 
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Fiia  Eiphaosidn.     L'upliautui  tpleRdeiu  Uatio,  Atl.  Ocuaii.     Tlii/taiiii/ifxla 
Pun  Lophogutridc     Lnjiliiiijiu'ter  fy/iioHx  Snrs,  Norway. 


(4)  Sub-order :  Decapoda* 

Podap/iUialmia  leilh  large  ilorixd  cephido-tkoracic  shield,  which  is 
vmUif  j'luml  with  M  the  aegmtiiU  of  the  hvad  and  thorax.  Thtt/ 
««  rtrw  (ttoo)  pairs  uf  vunxilUptds  ami  Ifn  {twelve)  amhulatonj 
'•»i^,  «oi/K  of  which  are  urinetl  with  chelf. 

Tlie  head  aiid  thorax  are  (xiinpletely  c-overod  by  tlii'  dorsid  canipiice, 

tlw  UUfml  exjuin-sions  of  whit-li  cover  the  basal  joiiits  of  the  muxil- 

"JiwU  mid  legs,  formiti>r  h  bnuichiul  clutmbcr  on  either  M(k',  in  which 

'w  plLs  iipe  e<)Mee»Ue<l.     Ouly  the  l;Lst  thonicic  segment  iimy  retjiin 

•**  independence  and  be  more  or  le^is  inovnble.     The  shell  i»   pro- 

""igKl  into  11  frontal  spine  (tiie  ii>stnnii)  iietween   the  eyes.     Tlie 

fina,  esdcitied  integument  of  the  dorstd  ciiriipHce  presents,  especinlly 

*  the  larger  forms,  sjinmetrienl  prominences  caused  by  the  snb- 

J'Wot  int«7ml  iir;^iinK  :  tliese  may  be  distingiiwhed  as  regions  «nd 

••Wned  in  nccordnnce  with  tlie  inteiiwt!  (»r;j;ins. 

The  iibdomen  presentes  considerable  liill'erences  both  of  size  Jiiid 
^"nn  throughout  the  sub-order.  In  the  Mttcrura  it  Ls  of  con.'sideniblc 
"**«,  potwcaaco  a  ban!  exo.skeleton,  and,  in  addition  to  the  live  piirs  of 
**H  of  which  the  anterior  are  often  nlKirted  in  the  fenuile,  is 
pf'JvideJ  with  a  Uirge  swimming  fin  (the  tel.-*on  and  the  jxir  of 
""■ge  swimming  feet  of  the  sixth  segment).  In  the  lirachyvra  the 
ilotuen  LK  without  .i  caudid  lin  and  is  reduced  to  a  liroitd  (female) 
nurrow  triangular  (male)  plate,  which  is  bent  up  against  the 
I  sternal  .surface  of  the  thorax.  The  abdominal  feet  also  are 
'J'^nder  and  slyLiform,  and  in  the  male  are  only  developed  on  tlie  two 
«til<.|-irir  >eimients. 

Appendages.  —The  anterior  antennw  in  the  Brachipirn  are  often 

il"<l    in  liiteral   pits;    they   usually  aiise  l)eneath  the   niovably 

il.ite«l  eye-stjdlM,  and  consist  of  ii  three-jointed  basid   [Kirtion 

Wing  two  or  three  multiarticulate  flagella.     The  postei-ior  antennie 

•  HcrMt.  "  Vcnnili  cincr   Noluri.'eschichtt'   iler   KrnbUcn   iinil    Krelj"o. '   H 

iUi:-,  ISerlin,    ITf'i-lSO*.     Leach.    "  MalftcoBtraea    i^jiloplitlmlina    Kritanniir," 

I,  iiii.ii  1K17  U>  1821.     Til.  Hell.  "  A  liistory  of  (he  BritLih  xinlkeyal  CriKtncea," 

).i.)..ii.  l«!iH.     H.  Ksihk'',  •' tlnters'ichunpcn  iibcr  die  Bildaiii;  uiid  Kritwick- 

I-  ■  I«ii>/,itt,   I82!l.     Spi-iKT.'  lliite,   ■■  On  thi'  ilL-vrlopiiieiit 

(  |i.  Phil.  7'raiit.  nf  thr  Itoy.  .S-f..  I^>nili>n.  l«fi!».     f.  Clniu. 

Zr    K' nr.Mii'^  U.I   Alnlnc'slraki'iilarven,"    Xl'iirib.  nntiiriri^t.    Xiittrhr.,  I'om 

W.    I»«il.       Kr.     Miillcr.   "Die    Vcrwandluiij;    dcr    Oarnc<"len,"      \rrhif  fiir 

v..r.,,, „..■/!  ,  T.,i„  XIX..  lsi;.S.     Kr.  Miillcr,  "  Kiir  Dnrwiii,"  l-eipzii^,  1.S64. 
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Ml*  nsiiHlly  uuierted  externally  and  somewhat  ventrnllr  to  ilirfim] 
piiii-  on  II  rtiit  plnte  pl«ce<.l  in  front  of  the  mouth  (ffiUtom 
sliielil)  :  tliev  frequently  posstsss  a  sciUe-like  lamellar  ap[>eiiilngB,l 
their  iMxe  there  is   always  a  protul)eranee  with  a  jiore  at  \u  te^l 
through  which  the  dui't  of  the  antennal  ghiiul  (greou  glanil)  op«w. 

The  mundihle.s  viuy  considenilily  in  sha[>e  in  the  didereut  fon»iJ 
but  have,  iis  a  rule,  a  two  or  thi-ee-jointed  palp,  which,  liowwer,  ii| 
al>sent  ui  many  prawns  (Oaridiihe).     They  are  either  slnuglit  vA' 
sli'unf'ly  toothed  on  tlieir  tliickened  anterior  edge  {Drndttium),  n 
are  slender  luid  much  bent  (Craiujon),  or  else  forke«l  at  the  i 
(Pcdtrmonida:  and  Alpheidw).     The  anterior  nuixillie  alway> 
of  two  lamelhe  and  a  pulp,  which  ia  usually  simple.     The  pcKUti 
niiixillre-,    on    wliich    there   are   usually    four    lauiellie    (two   ilnub 
hiiiii'lla!)  n«  well  as  |)ali)s,  l)oar  a  large  respimtory  plate  with 
edges   (siviphognathite).      These    are    followe<l    by   three   pair* 
nuixilli]>eds,  whieh,  as  a  rule,  have  a  dagellate  uppendagr.    Tbail 

remain,   therefore^  oul^J 
p    ^.<:^  vMu^.  ..vv— jv^  a  ti^"*    pairs    of    thn 

appeiidag««  for  nsf 
legs ;  of  thew  the  t« 
lost  are  nometiiuei) 
diiceil  or  may  tivm 
eiitii-ely  alu^eut  (/ 
J'er)  as  the  result  d 
retrogressive  chaiij!<Kj 
Tlic  thoracic  segineaH 
to  which  the  ajuhiil»t' 
legs  belong  ai-e,  as  a  rule,  all  or  all  but  the  laat  fm«d  U>getlia 
and  form  on  the  ventral  side  a  ooutinuouM  plate,  wliich  in  all 
Brachi/um  is  bi-oad.  The  legs  i-onsint  of  seven  joint*,  which  con 
spoud  to  those  of  the  ArUtroxlraca,  luid  fi'etjuenlly  end  with  •  I'li'li 
or  prehenaile  hand. 

Development. — Tlie  greater  number  of  marine  Decfipvtii  1™>< 
the  egg  uiembriuies  in  the  zou.*a  form  ;  in  Hoinaru*,  amoiifM 
Mucrura,  the  metamorphosis  is  much  reduced  and  the  juKt-luttrhtt 
NOung  jHjssesses  iill  the  thomcic  legs,  which  are,  howe\-er,  pnn 
with  extemal  swiuiming  niuii.  but  it  is  still  without  thealidt 
feet  (tig.  372). 

Embryonic  development.— In  ad<lition  to  the  cln-s^^iisd  n 
of  Rjilhke  •  on  the  eraylish,  more  recent  works,  es^Hx-iallv  thoMI 
*  Ki'>i(les  Ilatlikc  1.  c.  and  Lcrcbiiullel  1.  c,  and  a  KuMinn  inpt?  uf  I 


Kic.  372.  -YuiiiiK  tfinii  (larvt)  of  th<>  luljutcr  (after  0. 
O.  Sur*).  R,  n  Mini  in  i  A\  A\  uuletiuu* ;  Z"',  thlnl 
lunxUllpCMi  ;  F"  iiuLcrlor  umbiilittory  Icf?. 
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Bobretzk}'  (prawns  and  cray-fisli)  and  Eeichenbach  (ci-ay-fish)  have 
yielded  important  results.  The  segmentation  seems  (in  all  cases  i) 
to  be  superficial  (centrolecithal),  that  Ls,  to  be  confine*}  to  the 
peripheral  yolk  (formative  yolk).  This  divides  successively  into  two, 
Fonr,  eight,  and  an  inci-easing  number  of  segmentation  cells,  while 
the  central  granular  food  yolk,  which  is  rich  in  oil  globules,  remains 
Qnaegmented.  The  young  of  Astacus,  when  hatchecl,  resemble  the 
hdnlt  animal,  excepting  that  the  caudal  fin  is  still  rudimentary. 

I. — Macrura. 

The  abdomen  is  strongly  developed  and  is  at  least  as  long  as  the 
anterior  part  of  the  body ;  there  are  four  or  live  pairs  of  abdominal 
feet  and  a  broad,  well-developed  caudal  fin.  The  antennules  bear 
two  or  three  flagella,  the  antennas  have  one  simple  flagellum  and 
frequently  bear  a  scale  at  the  base.  The  maxillipeds  of  the  third 
pair  are  long  and  pediform  and  do  not  completely  cover  the  pre- 
ceding ones.  The  Zooui  larva,  when  hatched,  is  elongated  and  has 
osnally  three  pair  of  biramous  feet. 

Fam.  Candida.  Prawm.  Body  laterally  compressed,  with  a  thin  Rhcll,  which 
b  often  provided  with  a  median  ridge  and  prolonged  into  a  saw-like  frontal 
process.  The  posterior  (external)  antenna;  are  inserted  beneath  the  anterior 
(internal)  and  have  a  large  scale  projeoting  over  the  stalk.  The  long  and 
•lender  anterior  pairs  of  ambulatory  legs  frequently  end  in  chelir.  They  live  in 
ihoals  near  the  coast.  Some  genera  (^Pentm*)  possess  a  nidimcntary  swimming 
xainns.  Palttuum  tquilla  L.,  Crangon  culgari*  Fabr.,  Ponttmia  tyrrhemi  Bisso, 
lires  between  the  shells  of  bivalves.     Senjrttei  atlaiUictu  Kdw. 

Fan.  iirttetda.  Tolerably  large,  usually  with  a  hard  shell.  The  cephalo- 
thorax  is  slightly  compressed,  the  alxlomen  flattened.  The  autenuie  arc  attached 
near  the  antennules,  and  bear  a  small  or  quite  reduced  scale  at  their  liasc.  The 
first  pair  of  ambulatory  feet  ends  with  large  cbelic,  as  do  in  many  cases  the 
weaker  and  smaller  second  and  third  paira  Some  soft-skinned  forms  bury 
themselves  in  the  mud  or  sand.  A«tacwi  JtuviatilU  ^om\.,  Cray &t^.  /lomaru* 
rulgarU  BeL,  lobster.  Nrplirop»  miriregicu*  L.,  Oeb'ui  Ixaich..  Thalantiiia 
Latr.,  CaUianaiaa  imhtrrranta  Mont.,  biuies  itself  in  sand  on  the  sca-shorc. 

Fam.  Xorioata.  With  very  hard,  rough  armour,  and  large  broad  abdomen. 
The  antennules  end  with  two  short  flngella  ;  all  five  |)airs  of  ambulatory  feet 
with  simple  claws.  The  larvse  are  described  as  8i>ecies  of  Phyllotuma. 
PtliHtiriu  juadriccrnis  Latr.     Seyllaru*  latu*  Latr. 

Fam.  Salathaida.  With  broad,  rather  large  abdomen,  and  well-developed 
candal  fin.  The  first  pair  of  legs  is  chelate,  the  last  is  weak  and  reduced. 
6alathea  ttrigota  L. 

Fam.  Bippida.  Cephalo-thoracic  shield  long  ;  end  of  the  alxlomen  curved. 
The  first  pair  of  legs  usually  with  a  finger-shaped  terminal  joint ;  the  last  is 

Kiew,  1873,  compare  H.  Reichenbach,  "  Die  Kmbryonalanlage  and  erste  Eut- 
wickelong  des  Flnsskrebses,"  Zeiturhr.  fiir  Wiiw.  ZuoL,  Torn  XXIX.,  1877. 
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\rcnk.      Hi/ipn  irrmite   I...   lives  buried  in   the   Men   sauiL  Bnifl. 
iijiiiHitta  Kabr.,  Mediti'iruiieiui. 

Fani.  Fagurids.     Hermit  erabe.     Alxlcimcii  long.  usu»11t  eoven'J  Tit! 
skin  ami  diotiirlt.iI,  with  iiumiw  anal  fin  an>l   rudiineutarj-   »t>ilomiu 
The  first  jKiir  uf  fuel  uuds  with  |>uwei  fill  chi'liu,  llie  twu  last  are  T'jilmvL  '''■I 
(■(  tiieiu  seek  shelter  ii>  empty  onail  shells,  to  protect  their  <i^ifi-skiuuol  ii<l^ 
minal  region.     I'aguriiA  Hrrnluiriiiu  I,.,  Crnnvhito  ruyitta  Edw„  Birfi'MXnK 
Hcrbst,  said  to  climb  |ialui-tree!). 


II. — Beachylba. 

With  pits  for  the  i"eception  of  the  short  internal  (anterior)  ajit«ia 
nnd  so-ciilleil  orbitH,  i.e.,  ciL\itie!s  for  the  reception  of  the  csbilkMl  i 
Abdomen  short  iind  reduce*!,  witliotit  cMudal  fin,  ctirved  rouml  »sw 
tlie  excavated  ventnd  siirfHoe  of  tlie  tliumx  ;  in  the  m;ile  nnrro*  audi 
]Hiuited,  witli  only  one,  more  rarely  two  paii«  of  nlidoiniuHi  feet ;  is 
the  feniiile  broiid,  with  four  piiiiN  of  nlxloniinitl  feet.  In  the  fenuJe 
each  ondiict  diJat&s  to  form  a  biirsn  copiilfttrix.  Tlie  third  |«ir  «f 
maxillipoiis  have  hroiid  llat  joints  and  complet«ly  ecn-er  the  ontorior 
mouth  piu-ts.  The  just-hntchetl  Zotta  larva?  of  stout  slinpe.  «ith 
wily  two  paifs  of  birHmoiis  feet  und  a  dorsal  spine  ;  later  theriwaiiiiif 
the  MegalojM  form.     Many  Brachyura  live  on  liincL 

Fani.  Rotopoda.  Tmiisitioual  lietweeii  the  Brachifitra  aod  .tf»rr»m.  TitJ 
twoor  fuiir  (Histerior  thoracic  feet  arc  arficulateil  liigher  up  thnu  thelouiorthn*] 
|)OStcri<jr  pairs,  and  shifted  cm  tn  the  back.  The  first  i«ir  of  feel  hw  iufl 
clioln;,  tlifi  bust  is  often  modifled  to  swiinmiiig  feet.  Purerllaiui  pltitfiMttl 
reiin,  Dniiiiid  riilijiiri*  Kdw.,  Lithmlri.  Lntr. 

Faui.  Ozyitomata.  With  ruuiided  cepbalo-thorax.  Tbe  frunlal  rceino  r 
nut  project.  The  liuccal  frame  is  triarijfidar.  Tbe  uinle  genital  o|icuingMirT on  lU I 
basal  jtiint  of  tlie  last  pair  of  thoracic  lesti.  CnUtiifm  yniHtiLita  L.,  Hui  iitWimI 
Herbst,  Mitliterniiieau. 

Kam.  Oxyrb]n>cba.     Opbalo-tborax     usually    triangulai',    with    p(o.ircli^ 
pointwl    rostrum.     There    are   nine   gills   on   either  side.     Tbe   malo  grniall 
opening;  is  mi  tlie  )>a.sal  joint  of  the  last  pair  n{  thoracic  legs.     The  tliunki'i: 
^n^'Iia  ari-  united   iuto  one  mAfts.    They  dn  not  swim  but  crawl.    /•*•♦•» 
triirjiiii  Fabr..  .Vujti  n/uiimifn  Kond..  T'i'jw  nrmiita  Latr.,  M'rr«orKy«/A*' I^B. 

Funi.  Cyclometopa.      With  brciad,  short  cophalo-thorax,  rouiidi'd  Mitoioclt. 
Without  projertiiit;  frt)iital  rostrum.     There  are  uiue  (rills  on  uit bcr  side.    Tkt  ■ 
male  genital  openiuK  is  on  the  liosal  joiiitof  the  lost  pair  of  Ihoraeic  Ic-kv  ^^xo*] 
of   them    are   good   swimmers.     t'a»rrr  pngHW*  L.,  Xantiv  rinlMw  Bn 
Mcditerrancnii.     Oircinut  mirmut  L.,  PmluiitiJi puhcr  L. 

Faiu.  Catometopa.   Qnadrilatera.      t.'ephalo-tliorax   quadrUHtetaL 
region   is  curve<l   dowmvnidK.     I'lierp   arc   fewer  than  nine  jnll-     Tlw  i 
genital  u|>eiiing5  usimllv   He  on   the  stcraum.     Some  of  theui  Uri;  fort'uil 
time  away  from  the   water.     Some  Uve  in  hole»  iu   the  earth,  a»  Uiiiil  <. 
Pinnothi  ri*  pUuiii  \...  in  tbe  shells  of  Mytilns.     P.  tftrrvm  Hose.,  iu 
of  Piiiiiii  ;  known  to  the  Hiicieiits.  who  thought  that  there  was  a  i« 
muliinl  assistauee  between  the  crab  and  the  moUusk.     Ory/miU  i 
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trrhi>iituij'  /orrrp;i  Latr.,  (rniiiMh-i  varhni  l^ati.,  (ri'riirriii)i»  nirirnlti  L..  Lanil 
Oral*.  Water  is  retaiuort  for  a  long  time  in  tlie  braiicliial  cavities,  owing  to  the 
j»Tesence  of  secondary  spaces  around  the  branchial  plates,  which  are  thus  pre- 
"vented  from  sticking  together.    They  live  in  holcR  in  the  earth  in  the  Antilles. 


III.— GIGANTOSTRACA. 


Tlie  Ziphosnra  or  PoBoilopoda,  represented  by  the  living  genus 
lAmuhu  and  the  orders  of  the  fossil  Kerostomata,  may  be  united 
under  this  head,  as  opposed  to  the  Kntomoatraai  and  Malacoatraca. 

They  are  principally  chai-acterised  by  the  possession  of  a  single 
pair  of  appendages  placed  in  front  of  the  mouth  and  innen'ated  from 
the  cerebral  ganglion,  also  by  the  presence  of  four  or  five  pairs  of 
1^18,  which  are  placed  round  the  mouth  and  whose  basal  joints  are 
modified  to  form  large  mandible-like  masticator}-  organs.  Behind 
the  last  pair  of  legs  there  is  a  simple  or  cleft  prominence,  forming 
a  sort  of  underlip.  The  region  of  the  body  which  bears  the.se  appen- 
dages is  to  be  considered  as  an  unsegmented  cephalo-thorux ;  it  is 
shield-shaped  and  may  be  drawn  out  into  projecting  wing- shaped 
lateral  portions.  On  its  upper  surface  two  small  median  frontal  eyes 
as  well  as  two  large  lateral  eyes  can  be  distinguished.  Following  the 
ccphalo-thorax  there  is  an  abdomen,  which  is  usually  elongated  and 
composed  of  a  greater  number  of  segments.  The  abdomen  tapers 
posteriorly  and  terminates  in  a  t«lson,  which  may  be  flat  or  drawn 
out  into  the  form  of  a  spine. 

Order  1. — Mero.stomata.* 

Gtgantoatraca  with  Jive  pairs  of  appendages  mi  the  cephalo-thorax 
tehieh  is  relatively  slurrt ;  with  an  elongated  apodal  aJidomen,  n-studly 
composed  of  twelve  segments  and  ending  in  ajlat  or  sti/li/orm  teUoa. 

The  powerful  body  of  the  Eurypteridm  (included  with  the  Pmcih- 
poda  by  Woodward),  as  the  mast  important  family  of  the  Merostomata 
is  named  after  the  genus  Euryptertu,  consists  of  a  cephalo-thoracic 
shield  with  median  ocelli  as'  well  as  large  projecting  marginal  eyes,  also 
of  an  abdomen  with  numerous  (usually  twelve)  segments  which  become 
longer  posteriorly,  and  of  a  caudal  shield,  wliich  is  prolonged  into  a 
q[>ine.     Bound  the  mouth  on  the  underside  of  the  cephnlo-thonix 

•  Woodward,  "  Monogra})h  of  the  Brit,  fos-sil  Crustacea  belonging  to  the 

Older  of  Merostomata."  P.  1..  ,<i-  11.,  Pnhvont.  Sui:  o/Lomlnn,  1866-18G9.     Wood- 

'  ward,  "  On  some  points  in  the  structure  of  the  Xiphosura,  having  reference  to 

their  relatioasbip  with  theKurypterida-,"  Quarlerhj  Joitrn.  Gvol.  Soc.  of  Lmidon, 

1067  and  1871. 
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tliere  nre  five  iwui"s  of  lon>r  sjiiny  le^>,  of  whicli  the  Ust  is  much  ( 
Iiirgost  nnd  ends  in  u  In-oiul  suiniming-fin.     Soioe  nf  the  lUiU 
H]>p(<ii(lH(;eK  nitiv  \>«  Hi-nicyl  uith  »  cLflu.    Tlie  reet-iiibUiirv  of  cbrtn 
Eurypteriihi'  (in  the  trt^nt^nil  shiijif  of  tlifir  IkhIv)  to  t)ic  Scoryvn 
is  very  strikuig,  while  thi-  >;enus  llemiiupu  pi-esent*  oJiiuitiej  to  I 
PoBcilopoda.     The  uiotit  inii>ort<uit  forms  nre ;  Kurifptem$  pyyu 
Suit.,  r)evoiiiiin   >tnilii,  f'ttn/goltui  aiiglicm  Ag.,  four  fort  long,  I 
the  ui>ijer  Siluri:in  (tifr.  '.i~l\). 


Pig.  Tn.—Sitiypttnit  rfmlfr*  nf.cr  \ic«cVowRki.    •!,  nor^nl  ripw ;  A,  veutn.1  riair;  (^1 
sy.  eaudal  Hplue  i  /7,  tiyjioataniD. 

(//•rf<!r  2. — XlPHOSlTRA .• 

GigantiMlraoa  whote  liody  i»  dividtd  into  lhr««  jxtrU,  •rAidl 
movabli/  articuhUed  Uxjelher  ;  a  large  *fii«ld-*lloi>rJ  c  ,  '    '      '   /'.r,  r 
a/bdommicilhjiiv  puiraufUiinfUaffrHunda  lonfi  <iioi  ■  v'"" 

The  large  body  of  these  Cnihtafwi  is  covered  with  a  strou^  pIuo- 

•  l".  (iegi'Tiliaur,  ••  .\iifltoinisohe  Ullfe^suchlln^r  • 
Bcriick«iclitipung   iliT   Uewctje."  AliliuHif!.   </•■! 
//aW<-,  IV'.,  18.">N.     l"ivk(ird.  ■■  riie  UiTilo|iiiifiii  ...    i-i 
0/  .Vat.  lli*l ,  1K(().    A.  M.  Kilwiii-<l).,   '  Kechi'M-hev  tiiii 
Ann.  »P.   nal.  V'  Sir.  Tom.  XVU..  l»7J-lK7;i,      [E.    i 
on  AmvUniil."  ijtuart.  Jonm.  Mic.  Sin/^  vol.  xxi.] 
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DOUr  ntid  is  divided  into  nii  iiirhed  ceplialo-thonix  and  ii  flnt, 

hexagonnl   alHlomen,    which    ends   in    n   movable  swoi'd-like 

I'madu]  Kjiine.     Tlie  cephalo-thoiux  (tig.  37-t)  fomw  liy  far  the  larger 

purl  of  the  htxly ;  it  beai-s  on  its  iii-ched  dorsal  surface  two  large 

compound  eye«,  and  further  forwanls,  neiii'er  the  middle  line,  two 

I  HDiillef  simple  eyes ;  while  on  its  ventnil  surface  there  ai-e  six  pairs 

of  up{iendageK,  of  which  the  anterior  paii' 

i»  iJeiider  and  niay,   on   account   of    its 

I  position  in    front   of   the   mouth,  he   re- 

Ignnledns  a  piiii-  of  antenna?,  although  it 

[«n(lj,like  the  others,  with  a  chela.    The 

are  jdm-eil    to    the    right    and    left 

I  mouth,  luid  their  ooxal  joints  serve 

[ »»  orpviw  for  the  miistication  of  the  food. 

At  the  end   of    the  cephalo-tlionix    tliere 

IS «  Jmir  of    lamellitr    apjfciidages,  which 

*>*  mmieoted  in  the  middle  line  and  form 

11  kind  of  opei-culum  for  the  bi'unchi.H!  iip- 

|*«nUges  of   the  aMomen.      It  seems    of 

interest  that    the  form  of   this  bi-anchial 

"I»miliim   in    the  Asiatic  and  Anicrican 

^lepiw  presents   constant    dilfei-ences,    in 

""St  the  median  portion  in  the  fonner  i-s 

tuuiivided,   and    in   the   latter  consist-s   of 

t»o  joints.     The  shield-shnjted   alnlomen 

I  *iii<'ii,  by  means  <if  a  transverse  joint,  is 

lOiovable  on  the  cephalic  shield  in  a  dorso- 

ntnij  direction,  is  armed  on  either  side 

nth  movable  spine.s,  and  beai-s  on  its  ven- 

surfiu"©    tive    [mii-s  of    lumellar    feet, 

hich  are  almost  completely  covei-ed   by 

opemilnra.      These    aMomiwi!   feet 

both    in  swimming  and  in  respira- 

once   the   respimtory    lamellae    ai-e 

on  them  (fig.  374,  a,  b). 

I  The  intonial  organization   attains  a  re- 

ivelyliigh  development  in  corresj)ondence 

Itli  the  laru'O  size  of  the  Ixxly.     In  the 

aervoas  system  tlie  following  parts  can  Ite  distinguished : — a  broad 

owonhAgeal   ring,  the  anterior  jtart  of  which  constitutes  the  hra.iti 

(pveit  off   the  optic  nei-ves,  wliil .   from   the    littei-iil   parts  the 

31 


PlO.  374. — u  LimnluM  motnectinHM, 
neen  from  tbo  (tornal  Ride 
(after  Huiloy).  O.  eyoft;  St, 
caiiilAl  spine,  b,  L.  rotnndi- 
eatititt  (after  M.  EdwRnIs). 
Heen  fruiu  the  vtiutrul  niile.  .1 
Aotennte;  B^  the  foot  with 
their  coxaI  Jbwi  ;  JT.  gilts ;  Op, 
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six  pail's  of  iien'e>>  to  the  aiilennie  itiid  legu  iakc  their  origin'.  > 
Kuhfiisophiifreal  }{«n{jlionic  uiiu«  witli  thiee  ti'suhvemo  coiuiiii«iiir»! 
mill  11  double  piii^'linitie  roixl,  whicli  gives  oft'  i)rauchet<  to  the  ventr»l 
feet  luid  ends  with  a  doiil>lf>  gniiglioii  in  the  iilMloiuen.  Tlie  aliffleo 
taiy  oanal  chjuhLsU  uf  (L'fiO|)li»gun,  uinntiuitory  Ktouuich,  and  m  stnieiii 
inio^tiue  coiimiunieiitin^  witli  h  liver  luid  opening  l>y  the  anutt,  vhui 
i>  plaoe<l  iiiiniwliately  m  front  of  the  base  of  the  ejiiidnl  spine. 

The  heart  is  elongiited  and  ttihnlar,  lujd  is  pietvc«1  by  eight  purx 
of  slits,  whieh  con  l>e  closed  with  ^^llve»^ ;  it  is  also  proriiW  with 
artei-ies,  which,  after  ii  short  iH>urse.  pass  into  iHciiutr  bltNul  j     ' 

TOUi  the  Imse  of  the  gills,  two  spiu*s,  ivtiiniing  the  bl«id.  e.\t- 1 
the  perintnlittl  iiiuiw. 

Five  |Nurs  of  itpi)eMdHge«  uf  the  alslouiinal   feet  function  a.i  gllll. 

These  iii-e  coui|s>sefl  of  a  ven  Liiyr 
number  of  delicate  liuneU«.  Iring  nae 
on  another  liki-  the  kitv«c«  of  »  Iwok, 

Generative  organs.     The  bmuiol 
orarta   unite    to   fonn    two  ovidad-v 
which  ojjen    by  sepiinite    openiii|e»  oii 
the  under  .-ide  of  the  opemdiim  (Hm 
]uiil-  of  alxloiuinal  liuihi)) ;  in   tiic 
the  o]iening>i  of  the  two  i^miiud 
are  pliuvd  iu  the  smue  jmsitiun.     I» 
the    nuile,    the   anterior    thorudc  ttn 
end  in  simple  claws. 
Development.— It  in  known  that  the  young  lenve  the  egg  witlion*' 
the  ««udal  spine  and  often  without  the  thive  posterior  jwir.  of  pH- 
besuilig   feet.     This  stage  has  lieeu  suitably   named    the   Tril»l»l» 
stage,  ou  account  of  the  rec>embliuu»  whicii  the  liu-\-u  present*  to 
Trilobite  (fig.  375).     On  the  ivphalic  shield  there  in  a  iu«haii  fc«**-1 
like  ridge,  which   is  als«)  found  on  the  alNloiuinal   negiuent*.    Th* 
last  ahdominal  segment  includes  liet«een   its  Ureral  portioo*  d 
short  rudiment  of  the  caudal  spine.     In  the  next  stage  the  <(.nu«i 
tatioii    of    the   alMhuueii    l>eoome«    leas   obWous   (thr>    raudnl 
bocoiues  mnsolidate<0  and  the  caudal  spine  developed. 

Tlie    adult    aniniuls    retich    a    letigth    of    se\-er«l     teoi,   unJ 
exchtsively  in  the  warm  j*!as,  in  the  Indian  Archipelago  and  on 
»t»i  coast  of  Ameriei.     Ther  exint  at  a  depth  of  two  to  ti%  hih 
..    '  vf   aluut    in    the   mad    by    I  he   alternating    Inrnditu;  •' 

aing  of  the  vepludic  and  abtiouiinal  shiehls  and  th<-  otuili 
is|Mive.     Their  fixjd  nmsist£>  chiefly  of  NereiiLs.     Tliey  ntv  frran4  i» 


(UN 


Via.  ^^:l.  -  Rint>r7ro  a(  limuln  iu  Iho 
TrMnliite  sbi^  (»rior  A.  Dolmi). 
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fossil  stnte,  espcciiilly  in  the  Sohleuhofen  lithopi-npliic  slate,  but  also 
ill  oMer  formatious  us  far  Imck  as  tJie  Ueljei-ganff.sjrelnige  (Oiimbiian. 
Silnriiin,  etc.)  foniuitioii. 

Limnttu  molHfCtiiiHn  I.ntr..  Kast    Indie*.     L.  judiijilirmiii  L.,  Kiist  t'onst  of 


Korlh  America. 


trilobita; 


In    etinneetion   with    the    MerustonuUa    and    the    Xiphosurit,    the 
Trilobit-tA  may  he  considered.     Their  .systematic  |M>sitioii  cMiinot  as 
yet    be   defined    with    certainty. 
They  liveil  nuly  in  the  most  an- 
cient  periods  of  the  enrth'.s  his- 
torj',  and  their  fossil  i-emains  we 
found  in  great  numl)ers  and  are 
excellently    presen-e<l ;    l)ut,  un- 
fortutvately,  the  conditions  under 
iliich  they  were  fossilisetl  wei-e 
uch   tliat  the  under  side  of  the 
uly,     ajid,    conseijucntly,     the 
tmcture  of  the  ap|jendiiges,  that 
the    veiy    chanicters    which 
aulil  enable  its  to  decide  their 
iiities,    remain    nnknowii    to 
u.-.       We    may    pi-olialily    infer 
am  this  aljsenc*  of  any  tnice  of 
kppendn^^  •  in  the  fo.s.sils,  that 
khe  legs  were  soft  and  tlelicute ; 
Vint  Biirmeister's  conclusion  tliat 
liey    i-esemble<l   the  legs  of   the 
^htfHvjKxla  i.s  not  justitiei 

Tlie  \«Ay,  which  is  fi'efjuently 
{ound  rolled  up,  Is  covei-ed  with 

thick  shell,  wiiich  i.s  dinded  by  two  ptii-allel  lon^tudinal  furrows 
ito  an  elevat.e<l  median  portion  (rhacli'u)  and  two  lateral  (lortiuns 
i/««ra):    it    nirely    attains    any   considerable   size.      Tliei-e    is   an 

•  Barmpister,  " Die  OrKSnisation  dcr  Trilobilen,"  etc..  Berlin,  1843.     Bcyrich, 

"   ■  Iiiiiigen  ilber  'J'rilotiiteii,"  Berlin.   l.'<46.  1846.  J.  Barmnde,  "Systeme 

ciMiiie  lie  la  Boheini-."  Prague.  IS52.    ."<.  W.  Suiter.  "  A  niouoprapb 
...     1  ..!i*h  Trilubilos,"  Lomlna,  18G4-1S6(!. 

*  I'ortioii*  of  apiiniilai^e^  Uavi.'  been  re<.'eully  oljscrvi-d  on  the  vi-nlral  surface 
an  A'ttplum  ("Notes  cu  some  Sjiecimcun  of  Lower  Siluriiui  Trilobites,"  by 

.  Milling ;  iilai  "  Note  na  the  l'al|lll^  and  olber  »|)|>eiioa)^?i»  of  .\sa|»liu«,"  etc., 
by  H.  Woixlwaul,  t^imrt.  Juiirn.  of  the  (Imloij.  ,*•(•..  Ijmilon.  1X70),  which  arc 
",  to  point  U>  the  lUUnity  of  THIvhitrt  with  the  /...//..V/i 


Pio.  S76.— Diitfmm  of  D<tlm<iiiln  (ftfier 
PiolM).  (il,  GUbcUnin ;  Sf,  grmt  nature 
(oculu'tulnre);  o,  eyes;  6fr,  sepanihloRenK 
(cbe«lci>) ;  tU>,  rhaobia  (terfrnm) ;  PI,  pleu- 
ron  ;  Pp,  pyfrtdiuui. 
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anterior  arched,  semicirciilnr  region,  which  may  be  r^^Hrded  ii 
head  or  j>erhiips  as  cephalo-thonix,  iind  a  niuul>er  of  sharply  &■ 
tinet  tiegiueut*,  whicli  belong  piirth-  to  the  thonix  nnd  portly  to 
the  abdomen  luid  ai^  temiinnt«d  by  a  larger  shield -shaped  caoilil 
portion,  the  p;/ffidium  (tig.  376). 

At  the  edge  of  the  py(fi<Uuin,  the  iinuour  of  the  upper  xurfjiw  a 
folded  round  on  to  tlie  ventral  side  and  leaves  only  the  niiildli'  pMt 
of  the  latter  iincoveiwl.  The  liiteraJ  regions  of  the  head,  tiie 
me<lian  part  of  which  especially  projects  «is  the  "  t/ttJuJlum,"  ^ft 
UKually  ni>on  two  pxtitulierances  large  compound  facetted  ej'ft>  hoc! 
R)-e  oft^ii  pif»lorige<l  into  two  very  long  hackwanlly  dii'eeted  spin*; 
they  are  also  folded  ijjwaixU  on  to  the  ventral  surface,  Wtlb 
the  exception  of  a  plate  (hyjiostouia)  oomparable  U>  the  nndir-lip 
of  Aptu,  no  trace  of  louuth  parts  ha.s  Ijeen  ob«erve<l  for  certain  nn 
the  ventral  surface  of  the  head.  The  number  of  thoracic  (tnxnk 
Hegment.s  varies  considerahly,  but  is  tolerably  definite  for  thcmlnll* 
of  each  species.  Their  htteral  portions  are  Ukewine  folde»i  inwiml* 
on  to  the  ventral  Kurface,  and  ]ireseot  VHriousIy  shaped  win^-likd 
prooea-ses  and  long  pointed  spines. 

The  Trilobites  live«l  in  the  sea,  probably  in  shoals  in  shallow  «atrr 
near  the  coast.  Their  fosidls  we  amongst  the  n)0«t  ancient  remiuns 
of  animal  life,  and  are  found  prinnjjally  in  Riheniia,  RusKia,  S«fd™ 
etc.,  in  the  lowest  stiuta  of  the  Uelx>rgangsget>irge  (CiinibritJi. 
Silurian,  etc.)  They  have  been  divided  into  niunerous  fiiroili« 
according  to  the  stnjcture  of  the  head  (especially  nf  the  glaltellniiil, 
the  fonii  of  the  pygidiuiu  an<l  the  number  of  .>iegnient*.  Tlif  nn"' 
im()oi-tant  genera  are  Cuh/mt'iie  Blumenixichii  Brogii ;  Oletiu*  giUemi 
Wahlh.,  EUijuoop/iatujt  lloffii  Schlotth. 


i 
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Class  n.— ARACHiriDA. 


Air-hreaUiiwj   Arllirojwda  untli  J'u-tsnl  listul  antl  Uior<ix,  wM 
pairs  oj'jtiirti,  four  jniira  of'  amljidalori/  /«</«  iind  tijHxinl  aJxIomtn. 

The  Aniclinida  include  animals  of  extrnonhjiarily  ditfejvnt  form. 
Tlie  head  and  thonix  are  almost  invariably  fused  to  form  a  ohort 
cepholo-tlionix  ;   but  the  condition   r)f   the  aVidonipJi   pi^e^nTit*  voj 

Mt  variations. 

C.  A.  Wnli'lcenniT  et  I".  GervaiK.  ••  llisioirc  nntuiiJ' 
.'»  Vols..   I'nris.  I(<37-1S44.      Hahn    and  Kotli.  ••  Uic  / 
der  Nstur  abgebildet  uud  liefsciiriebtn."  XUinbeiy,  Ih.il-. .-.■..<.     i, 
"  OrgRuihation  du  nene  animal.     Anu-'liudes,"  I'aris  ItHJO. 


ABACIINIDA. 


485 


^ 


Jli  the  Spidei-s  {Armitid't)  tlie  iihclouieii  Ls  swollen  iiiid  is  joineil 

to  flie  cephnlo-thoi-HX  liy  ii  sliort  st;tlk.     In  the  Scorjyioniifrf,  on  the 

ooiitran-,  the  long  iibdomen  is  joined  to  the  cephiilo-tlionix  hy  its 

»7iole  breadth,  and  is  divided  intci  a  Idtxid  segnienteil  iiiw-rtlxloinen 

»iid     A    narrow,    veiy    movable    post-alHlonien,    which     Ls    also   seg- 

mentfd.     In  the  Mites  (Acariun)  tlie  iihdomen  hi  nnsegniente<l  and 

fujscd  with    the  cephalo-thoi'ax.      In   the  Pentagtomidu   the   entire 

t»od,v  is  elongatetl,  ringeii  and  veiuiifonu,  with  four  (two  pairs  of) 

oolo    in    place    of   the  apjiendages ;    these    animals  are  known    as 

« «ytia//i/i</«,  and  might  be  piace<l,  on  account  of  tlieir  pamsitism, 

•Anongst  the  intestinal  worms. 

Xbe  uiarketl  reduction  of  the  cephalic  region,  which  is  without 
t^^*^  ant«iuiw  and  |x>.-isesses  <mly  two  pair  of  onil  apf)eudnges,  in 
^Hjtructeri«tic  of  the  Aiitchnida.  The  anterior  pair  of  cephalic 
*T*|»^ii<iages  (chelicerH-),  which  ai-e  useil  lus  jaws,  have  lieen  regarded 
■"^  luoditied  antenna- ;  but  it  is  j)erhtips  mo^■v  nutnml  to  i-egaitl  theui 
***  morphologically  e<^uivalent  to  the  inatidibles  of  Cnistaceans  and 
l»»jsect*'.  TliRse  anterior  jaws  or  cheliceite  are  either  chelate,  in 
^•■•ueh  ouse  the  claw-like  terminal  joint  can  be  uiove<l  against  a 
l**^ocies<s  of  the  pi-eceiiing  joint  (Scorjnons,  many  Acarina),  or  siib- 
^*»«lat«,  when  tlie  last  joint  is  folded  rlown  uptin  the  next  like  the 
*»l»»<Je  of  a  pocket-knife  upon  the  handle  (.Spidei-s). 

The   cJielicem-    may    also    hitve    the    Form    of    stylets,    which   are 

**iplo»<ed  in  a  tutie  fonued  by  the  second  jiair  of  jaws  (Mites).     The 

»'»t*«r,  which  constitute  the  second  piiii-  of  a])pendages  of  the  he«ul  or 

"*e  jKxIipalpi,  consist  of  a  stout  Uusal  joint  and  a  palp,  which  has  fre- 

H'"^tly  the  foiTu  and  segmenUition  of  a  leg.     This  either  ends  with 

*  ^tkout  a  claw  or  H-ith  a  chela  (Scorpions).     In  the  time  Spiders 

W(»re  is  nn  unjMiired  plate,  the  lower  lip.  between  the  basjd  joints  of 

tlie  Iwo  pedipulpi  and  lielongiiig  to  the  same  segment  as  the  latter. 

The  four  following  pail's  of  ap|>pn<lage8  of  the  thorax  are  auibiilntory 

lfjr».     Tlie  first  of  them  is  sometimes  modified  in  form  and  elongjited 

like  a  |Mlp  ;  its  Utsd  joint  may  function  sis  a  jaw.     The  legs  con.sist 

nf  »ix  or  seven  joints,  which,  in  the  higher  fomis,  have  been  cnlleil  by 

(lie  sirae  names  as  the  atiiilogous  regions  of  the  In.sect  leg. 

TLr  internal  org-.ininition  of  the  Arachniila  shows  hanlly  fewer 
(Ufleiwices  tlum  does  that  of  the  ('rintncrn.  Tlie  nervous  system 
may  Imvp  the  fomi  of  a  common  ganglionic  ma.ss  around  the  n-so- 
phngiu!  (Mites),  and  may  even  p(»s«ess  only  a  .simple  couiDiis.sure 
above  the  fKuophagus  (Pentd^ifoinida).  As  a  nile,  however,  there  is  a 
dttttinct  aeparation  between  biuin  and  ventral  conl,  the  hitter  .showing; 
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vecy  different  gmdm  of  development.  Viscend  nerres  Lave  Heeal 
lihown  to  exist  in  the  Spiilers  and  Scorpionx.  Tlie  861186  or^UU  are, I 
«8  a  rule,  nol  to  highly  developed  its  in  the  C rtuUicen,  hihI,  pnttinjf  ual 
one  Hide  the  tactile  function  of  the  extremitie»,  are  confined  to  e7»J 
The  eyes  are  !<ini])le  und  immovable,  and  never  pos-setss  a  fa<*tt<il 
comeii :  they  nre  from  two  to  twelve  in  nuinl»er,  iind  are  *ytn-l 
metrically  arrange«l  on  the  anterior  surface  of  the  cephHlo-lLi>rn(io1 
.shield.  Anthtory  organs  have  not  yet  Vieen  diHcovere«l,  but  tberal 
are  tactile  and  olfactory  organs  I 

The  alimentary  canal  runs  sti-night  from  the  mouth  to  ih^  hinill 
end  of  the  body,  and  L>  divided  into  a  nHrrt>w  (ttNOphagu.-^  and  u  witlu 
intestine,  which  is,  )i«  a  rule,  proWde^l  with  lateral  cwch.  Tlie  tnt«rl 
tine  Lt,  in  the  Spiilers  and  Sciirpion.s,  divided  into  an  anterior  ddateH 
portion — the  so-calle«l  stomach — and  the  inte.stiiie  projior.  ThM 
glandular  appendages  of  the  digetitive  canal  ai«  salivary  glands:  ial 
Spiders  and  Seoqwons,  a  liver,  coniimse*!  of  ii  numl>er  of  litam-heJ I 
canals  ;  and,  with  a  few  exception.s,  Malpighian  tubes,  which  fuuHioaJ 
as  urinary  organ*  and  open  into  the  hind  end  of  the  intestine.  I 

The  organs  of  circnlation  and  respiration  also  show  ver>-  diirnvntl 
dcgit'es  of    develiiimient    and   are  uiily  alisent  in  the  lowest  iLtes-J 
The  heart  hes  in  the  abdomen,  and  is  a  long,  many-ehamberc«1  i]un«l  I 
ve.ssel  with  lutenil  slit.s  through  which  the  bloo»l  enters.     It  i>  fr«>-l 
(juently  contiiuitsl    into   an    anterior   and    {)u»terior  aorta,  aliil  ioi 
8(■orpioll.^  given  oft'  in  addition  latenil  branching  arteries.    The  ort»ni  | 
of  respiration  are  internal  air  chamljers,  wliich  have  the  form  wlhw  ' 
of  ramified  tul>e,s  (tracJian),  or  of  hollow  liuuelln^  (fantnieken.Un']') 
placed  upon  one  another  in  great  numliei-  like  the  leaves  of  b  tyuk 
and  eonnecte<l  together  liy  tnibetmlB;  s»i  as  to  have  the  form  o(»«t 
The  air  chamliers  are  alwivys  kept  open  by  a  linn  internal  chiunou* 
mcmbnuie,  so  that  the  air  can  ent«'  by  the  jjaired  openm(f>  I^V 
uuUu)  of  the  tnicheie   or  lungs  at  the  beginning   of  the  idMlcnueii, 
and  be  distributed  to  the  tinest.  iiuuifications.     Tlie  ehitinoux  liiiii>|| 
uiuv  becfdiie  thickeneil  so  ns  to  give  rise  to  a  spind  fibre, 

Qenerative  organs.  With  the  exception  of  the  hermnphnxliU 
Tardigrnila,  all  the  Anidtnida  are  of  separate  oexea.  The  inalo*" 
fre<|ueiitly  distinpiished  by  external  chanicteristiow,  as  for  exuup 
l)y  their  .smaller  size,  by  the  posseKsioii  of  organs  of  attachine 
(Mites),  or  by  the  morlilication  of  certain  appendages.  Tlieir  gcnii 
live  organs  con.si.st  of  paii-ed  testicular  tulies,  and  the  vasa  defervnti 
often  i-eceive  the  coiiteuf  s  of  acoes.-i(i»y  glands  liefore  oiieuing  to  ih 
exterior  by  a  single  or  <lon>ile  aperture  at  the  base  (liutenor  «id)< 
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the  abdomen.  Special  copulatory  organs  in  the  i-egion  of  the  genital 
openings  are,  as  a  rule,  wanting,  but  appendages  far  i-emovetl  from 
the  genital  openings  {e.g.,  pedipalpi  of  Spiders)  often  sei-ve  to  tmnsfer 
the  sperm  from  the  male  to  the  female.  The  female  sexual  organs 
are  also  paired,  usually  racemose  glands,  with  two  oviducts,  which 
usually  dilate  to  a  receptaculum  seminis  before  their  single  or  double 
opening  at  the  beginning  of  the  abdomen.  They  are  also  connected 
with  accessory  glands.  Rarely  (PJuUangium)  thei-e  is  a  long  pro- 
tmsible  ovipositor. 

Only  a  few  of  the  Aracfmida  are  viviparous  (Scoi-pions  and  some 
Mites);  the  greater  number  lay  eggs,  which  they  sometimes  cai-iy 
about  with  them  in  sacs  till  the  young  ai-e  hatche^l.  As  a  nile,  the 
just-hatched  young  have  the  foi-m  of  the  adult ;  but  in  mast  Mites 
two  or  more  rarely  four  legs  are  wanting,  and  appear  only  with  the 
succeeding  moults.  The  development  of  the  Pi/gnogonida  Pentas- 
tomida  and  Hydraclinea  (water-mites)  (which  latter  pa.ss  thi-ough  a 
pupa-like  inactive  stage)  consists  of  a  complicated  metamorphosis. 

Almost  all  Arachnicla  live  on  animals,  a  few  on  vegetable  juices. 
The  lowest  forms  are  parasitic.  The  larger  and  more  highly  orga- 
nised forms  prey  on  living  animals,  principally  on  Insects  and  Spiders, 
and  are  usually  furnished  with  poison  weapons,  with  which  they  kill 
their  prey.  Many  of  them,  by  means  of  the  secretion  of  spinning 
glands,  spin  webs,  in  which  their  prey  1)ecomes  entangled.  Most  of 
them  remain  during  the  daytime  ))eneath  stones  and  in  hiding-plac&s, 
and  come  out  to  catch  their  prey  only  in  the  evening  and  at  night. 

Order  1. — Linguatulida,*  Pentastomida. 

Parasitic  ArcuJinida  witli  ringed,  el<mgaled,  vermiform  body,  with 
two  pairs  of  hooka  in  the  neighbourhood  of  the  jawhss  mouth. 

The  vermifoi-m  ringed  body  of  these  parasites,  which  were  for  a 
long  time  taken  for  intestinal  worms,  is  to  be  regarded  as  being 
principally  formed  of  the  extremely  enlarged  and  elongated  abdomen, 
the  oephalo-thorax  being  much  reducetl ;  an  interpretation  which  the 
form  of  the  body  of  the  JJermatophili  seems  to  support.  In  the 
adult,  jaws  are  completely  wanting,  but  there  are  four  cur\'ed  hooks 
(two  on  each  side  of  the  mouth,  fig.  377),  which  can  he  protruded 
from  pouches  in  the  sldn  and  are  attached  to  special  chitinous  rods. 
These  may  correspond  to  the  terminal  claws  of  the  two  posterior 
paira  of  legs,  since  the  two  paii-s  of  legp  of  the  lai-va,  which  are  to 

•  B.  Lcnckart,  "Baunnd  Entwickeluiigsgeschichtc  der  Pentaatomiden," 
Leipzig  nnd  Heidelberg,  1860. 
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very  ditferetit  griules  of  development.  ViKcenil  nen-es  Ijnve  '■ 
sliown  to  exist  in  the  Spiilers  .-ind  Scoi-pions.  Tlif  sense  organs  lUf, 
as  a  rule,  not  so  highly  developed  as  in  tlie  Cnuitactu,  and,  piittin^fl 
one  «ide  the  tactUe  function  of  the  extreuiitie.s,  are  confined  to  litW 
The  eyes  are  Himple  and  immovable,  and  never  possesss  n  {aretted 
conieu ;  they  iii-e  from  two  to  twelve  in  nnnilior,  and  are 
metrically  lUTanged  on  the  anterior  surface  of  the  cephaUvthoi 
shield.  Auditorv  organic  have  not  yet  been  diHCovei«d,  bin 
are  tactile  iirid  olfiirtory  orpins. 

The  alimentary  canal  r\ins  sti-aight  from  the  mouth  t^  the 
end  of  the  body,  and  is  divided  into  a  naiTOW  a!M>phagU8  and  a 
uitestine,  which  is,  as  a  rule.  pro\ide<l  with  lateral  cns-a.     The  i 
tine  is,  in  the  Spiders  and  Scorpions,  divi(le<l  into  an  unterior  d 
portion — the   so-calleil    stomach — and    tlie    intestine    projjer. 
gliinduliir  iip])endages  of  the  digestive  canal  are  salivary  glands 
Spiiiers  and  Scorpions,  a  liver,  comiio>ie(.l  of  h  nuuil)er  of    bniiu'het 
canals ;  and,  with  a  few  exceptions,  Malpighian  tnbes,  which  fii 
as  urinary  organs  ."iml  open  into  the  hind  end  of  (he  intestine, 

The  organs  of  circulation  .ind  respiration  idso  show  very  dirtV 
degrees  of  developnient  and  are  only  absent  in  the  |owe«t.  Mit« 
The  heart  lies  in  the  alMlomen,  and  is  a  long,  many-chambered  <lon«i 
vessel  with  lateml  slits  thix>iigh  which  the  blood  entern.  It  ia  fit 
(jaently  continiie<l  into  an  anterior  and  pasterior  aorta,  and  i 
Scorpions  gives  olT  in  iiddilion  lateral  branching  arteries.  The  orpui 
of  respiration  are  iiitei-ual  air  chamberx,  which  have  the  fom  eitiM 
of  niuiitied  tut>es  {tr<ic/iefc),  or  of  hollow  lamellae  (/(i«lracA«rr,  Itatfi 
placed  upon  one  another  in  great  niind)er  like  the  lenvew  of  a  boo 
and  connected  together  by  trabecula>  «o  as  to  have  the  form  nl  mm 
The  air  cliHinliers  are  always  kept  open  by  a  tinn  int«-nial  chitinon 
membiane,  .so  that  the  air  can  enter  by  the  |Miired  ojieiiiiigrt  («f*j 
vniUa)  of  the  trnchete  or  huigM  at  the  Iwginniug  of  the  nlidoiiieii 
and  lie  distiibnte<l  to  the  fine.st  ramifications.  Tlie  chitinoiis  liniai 
may  become  thickened  so  a.s  to  give  rise  to  a  .s|)inil  libre. 

Generative  organs.  -With  the  exception  of  the  henoa[ihroiii< 
Taiiligmdii.  all  I  lie  A  rucJiniiln  are  of  sepanite  sexe*.  Tlie  dmJw  ht 
fre«:|uently  ilistingiiishe<l  by  externid  characteristics,  b«  for  exuDjit 
by  their  smaller  size,  by  the  jKissession  of  organs  of  attnchmn 
(Mites),  or  by  the  mo<Iitication  of  cei-t^ain  iippendagen.  Tlieir  ifettm 
live  orgaiiti  consist  of  paireil  testicular  tulies,  and  the  vasn  ileferefiti 
often  receive  the  contents  of  iicce.s.sory  glands  liefoi*  opening  to  th 
exterior  by  a  tiiiigle  or  ilouble  aperture  at  the  biusc  (muc^rinr  ftLd'i  ci 
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'he  aMomen.     Specml  copiilatory  organs  in  the  region  of  the  genitul 

openings  are,  lui  a  nile,  wanting,  Imt  iippemlnges  far  removed  from 

the  gpiiitiil  ojieiiings  («•.;/..  |xili|iiilpi  tif  Spiilei-s)  often  sei-ve  to  tninsfer 

the  s|ienn  finui  the  male  to  the  female.     The  femule  Hexnal  organa 

■re  also  |iaii«(l,  usually  racemose  gluiids,  with  two  oviducts,  which 

•MUaliy  dilate  to  a  recept.'iculuni  seminis  liefore  t)ieir  single  or  double 

<f»eiuiig  at  the  beginning  of  the  abdomen.     They  are  also  connected 

»*"itli   iior«Baory  glands.     Rarely  {I'halangium)  there  is  a  long  pro- 

tf^tsible  ovifKwit-or. 

Ordy  H  few  of  the  Araelmiiln  ai-e  vi\-iparous  (Scoi-pions  and  some 

ites);  the  gresiter  numlier  lay  eggs,  which  they  sometimes  carry 

*«*out  with  them  in  siu*  till  the  young  hi*  hatched.     As  a  nile,  the 

3*»*t^ hatclied  you:ig  have  tlie  form  of  the  adult  ;  but  in  most   Mites 

^''*'""  or  more  nnvly  four  legs  ai-e  wanting,  and  appear  only  with  the 

^»»ocee«ling  moults.     The   development  of  the  F ijgnogonida  I'entag- 

^**midii  and  lliiilra/ilmvn  (water-mites)  (which  latter  yaas  thi-ough  a 

piiptt-likc  inn<'tive  stage)  consists  of  a  com])licated  metamorphosis, 

AJuKKt  all  Arudtnitln  live  on  animals,  a  few  on   vegetable  juices. 

riie  lowest  forms  ai-e  ]Minisitic.     The  larger  and   moi*  highly  orgsi- 

'****»!  forms  prey  "ii  living  animals,  pi-iiicijially  on  Iiise«'ts  and  .S[)iders, 

•ud  lire  usually  fnniishe<l  with  ix)ison  weapons,  with  which  they  kill 

**>«ir  prey.     Many  of  them,  by  means  of  the  secretion  of  spinning 

P*iuls,  spin  webs,  in  which  their  pit<y  becomes  entangled.     Mr)st  of 

Ihein  remain  during  thedaj'time  beneath  stones  and  in  hiding-pl;ices, 

HntI  come  out  to  catch  their  prey  only  in  the  evening  and  at  night. 

Order  1. — LiNOUATULiDA,*  Pentastomida. 

Paroritic  Araclmidu  icitlt  rmgfl,  elowjatod,  vermi/omi  body,  toith 
liai  fKilrs  of  huijks  in  the  jmiijIJiourhourl  of  (ht  jumUjtfi  moiitfi. 

TTie   venuifomi  ringed  IxkIv  of   thejrt!  panisite.H,  which  were  for  a 

long  time  taken   for  intestinal    worms,  is  to   lie  i-egarde«l  as  being 

principally  fonneil  of  the  extremely  enlargeil  and  elongiited  alxlomen, 

llie  «>phalo-thoiiix  Ijeing  much  re<luced  ;  an  interprt't-ition  which  the 

form  of  the  liody  of   the   DrrnuilophUi  seems  to  snpjKirt.      In    the 

Hdult,  jawB  are  oomiiletelv  wanting,  but  there  are  four  curved  hooks 

(two  on  e.ach  side  of  the  mouth,  tig.  377),  which  can  lie  protruded 

fiiim  jx.iuches  in  the  skin  and  are  atUu-he<l  to  special  chitinous  rods. 

These   may  cori-espond   to  the  termiuul  claws  of  the  two  {K)sterior 

pairs  uf  legs,  since  the  two  paira  of  legs  of  the  Ini-va,  wliich  are  to 

•   U.    I^'uckart,   ••  Bau   and    Kiitwickelungsgciicbichtc  der   rentagtomiden," 
Ltripti);  and  Hcidelljcrg,  IHCl). 
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be  I'egajtltHl  n»  the  anU'rior  uiJiHjniliitt's,  mt-  l"">t  in  the  n>nn«  li  I 

(leveldpiiieut.    The  nervoos  lystem  L->  roiiiiual  I 

to  a  simple  suboesupLa^al   oi<ivoii>  nuub,  vnlt  | 

U'.sopliijpefil   ring  iinJ  gi\ing  off  iiniiiei"oii>  nej 

vuiis  tniiiks.    Eyes  und  urgiuis  nf  retpintioi 

iind  oircolation  iire  hunting.    The  alimentti? 

tract  L<  II    simple  cm\ni  in   the  uichUe  nl  iht 

IkxIv,  which  opens  by  un  iitui->  iit   the  postwmir 

end.     S{)ecia.l  ciitiineoiiK   ghiuds   hiv  present  a\ 

ffreat   minibm-s  and  strongly  developed.     Malt 

itiid  female  mf  diKtingiu!<ht<d   by  cou»)itpr:ii>lF 

iliflerences  in  size  luid  by  tin?  ditlereni  |xMtioD 

of    the   j^nital    oj^eningK.       \\  hile    the   itejiiUiI 

opening  of  the  surprL'-ingly  suuill  mnle  lie»  ou 

fur  behind  the  month,  that  of  ihf  feximie  ii-  «i(u 

tiled  neiir  the  hdu.s,  at  the  hinder  end  of  llif  Imiy. 

Tlie  Li7u/ualu/ula,  when    Nexnully  uilnlt,  in- 

hiibit  the  air  i'lminl)ei>  of  wunn-bloode«l  ttnimab 

(Uid  Amphihia.     The  developmental   hirtory  M 

Peiiiiuiloiiunn  Uxiiioidft,  which  liv«6  is  the  wmi 

cavities  and  in  the  fi-ontal  sinuMeri  of  ilug>  "nil 

wolves,  is  known  finjm  the  re,si>jirrhe»i  of  Leui-k- 

art.     The  embiyo8  of   this  Mpecie«,  while  «li]l 

Pniatiomxm     enveloj)ed  in  the  egg-ntembi'Hues,  jias*  ont  will' 

iniKHiaium.     Young     (j,g  mtsttj  mucii.s  on  to  plautA,  ami  thence  inU> 

form  of  P.  ttmioitUt,  i      r    •>    i  i  -  i   .t  i 

o,  Miiuth ;  Jif,  ii»M     the  stomach  of  llabbit.s  and  Hares,  tuor«  r»i«)' 
four  i.o<.k»^  V.  inta-     j^j^  th„t  ,jf  Man.     \V\ieti  fi-eeil  from  Um  (^s 

tliio  i  A,  ftniu.  1  •  1 

membnines,  they   pierce   the    walls  of  the  lu 


Km.  a7S.--Youn(r  tunat  at  PnitiuHm<,m  t4niouU.  {tttn  R.  I/«1»rkart).  ..,  Kirg  mlt  tBil«r» 
».  KmlnT-.i  witli  iwo  iiaini  of  liookerl  twi,  Hf  mid  ur  f.  Lurrn  fmm  liv»r  of  m>*» 
M.  OimKllun  ;  D,  tuUaliiie  j  lU,  ulcin  gl»ad».  d.  Older  \tr\a.  O.  minith  ;  J,  •iiiu ,  <^' 
SuulUl  gUuiibi. 
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le  and  reach  the  liver.     Tlieitj  they  siiri-oiunl  themselves  with 

fCyat,  in  which  they  pn«s  through  a  series  of  chimges  of  form,  ac- 

aipiiiiied,  iiB  in  inisect  hii"Vte.  by  rejjeat^il  ecdyses  (iig.  378).     When 

luotilhs  liave  elapsed,   they   liave   attained   a  ooasidei-uble   tuze 

and  hitve  ac<|uired  the  fo\ir  oral  hooks,  as  well  as  a  number  of  tiiiely 

serruteil  superticiiil  ring.s.    They  have  now  i-encheil  the  ntn^e  formerly 

dascribed  as  P.  ilentieiiUuum  (tig.  377),  in  which  they  break  tliiougii 

^■beir  cai>sule»<  and  l)egin  a  fresh  migration.     They  traverse  the  liver, 

^Ind  if  present  in  gi-eat  numbei-s,  ix;casion  the  deiitb  of  theiT'  host. 

In  other  caaas,  on  the  other  hand,  they  soon  l)ecouie  euveluped  in 


.  ;I79.— Ripe  male  of  AUis  Sonzi,  «cen  from  the  ilonial  Kiirfscc  (ntler  E.  Clapnrtde).  Kl, 
I'wtlpalpiia :  a,  bniiii:  de,  e.rcs ;  T.  testis;  If,  Y-dhaiied  kIi""!:  D,  inUUine;  A, 
liijiu  i  Hd,  cnisneouA  glmnd». 

Other  cyst.     If  they  now   pass  witli    tiif   tiesh  of  the  Hai-e  or 
R.'ibl)it  into  the  buccal  rnvity  of  the  Dog,  they  penetrate  into  the 
eighboming  air-chambei>,   and   in    two   or  three  mouths    become 
cuftUy  matui'e. 

Prntmioiiium   ttrNlintli'M  Kud.,   80-85  mm..  Male  only   19-20  mm.   long.     P. 
itu-inclnm  Har!.,  iu  the  liver  of  Najii  hajr.  P.  riiH.it rifhim  v.  8ieb.  Encjrrtted 
i  the  lirer  of  negroes  in  Egypt. 

Onler  2. — Aoabina,*  Mites. 
Aradinida  with  slintt   body.     Tlis  aM.om«n    w   nnemjinvnted   aiid 
[•O.   Fr.   Mttller.   "  Hydi-achnie,"  etc.,    J7S1.    A.    Unges,   '•  Rifberchei,    Bur 
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/'imed  with  l/ie   Uiorttx.      T/ie  ortil  npjmrtUus  U  tidapttd  j'or  (nltnj  i 
piercimj  and  uttcking,.     Rctjiimtuni,  o«  a  mi*,  hy  iwratui  of  tradaif. 

Tlie  ImkIv  of  the  Aearhui  is  genentUy  siuhII  and  poe 
stoiil  Hiid  unsej^ientetl  foiiii.  The  hea<i,  thoitix,  ami  ii)iiIome£  oi* 
fuse<l  into  II  craiiuioti  miis^  (tig.  37H).  The  form  of  the  nnl 
tipiMimtus  varies  exceedingly,  aud  may  be  adapted  either  for  liiuii^ 
or  for  piercing;  nnd  slicking,  Tlie  clielieent;  are  Hoconlingly  iodm- 
tinies  retmctile  styles,  luul  ai-e  sometiuies  funiitiLinJ  with  cl»»>  w 
rhelie.  In  the  tirst  case,  the  luuses  of  the  pedi{Ntlpi  form  u  shoilii 
which  surrounds  the  styliform  chelicent  and  ser\'es  as  a  surtoml 
rostnim,  wliile  the  jiei'ijiheml  jiart  of  tlip  fiedipaljm.s  or  jialj>  freqnetitlv 

projects  latentlly,  juiiI  eai> 
with  a  claw  or  chela.  Tlif 
stnicture  of  the  four  p«ur>'  "f 
legs  is  not  les«  \TirioaK,  iii- 
lumiuch  as  they  may  serw  for 
crawling,  attachment,  ruiiniiui 
imd  swimming.  They  unuiillr 
end  with  two  claws,  !»oiut?tilu» 
iu  fianuiitic  forms  with  stnikt^l 
.suctorial  discs. 

The  nervous  system  i?  «>• 
duced  to  a  common  gnnjriicnic 
IOll^s  i-epreseiiiiiig  the  'muii 
iuid  ventral  txjrd.  £j/t*  iu»} 
)te  ahsent  or  may  be  pifseni. 
as  one  or  two  pairs  of  ample 
eyes. 

The  alimentary  canal  » 
fre<^)iently  pi\ivide<l  witli  -ah 
vnr>'  gland-s,  nnd  gives  off  o" 
either  side  a  number  of  blind  saccular  di\-erticula  whicii  tii»y  W 
forked  (tig.  .380). 

Heart  and  blood  vessels  :u-e  invariably  absent,   hut  respiratorx 
organs  are  fi-equently  pi-eseut  in  the  form  of  tracheA;,  which  on* 

I'onlre  lies  Acarieiis  en  peni-ral  et  lus  families  ili-s  Tnjmliidi'-s,  Hyilr»rliti'^  'ii 
IMirt,"  Ami.  lilt  Sr.  .Vat..  II.  Sen,  Tom.  1.  anil  II.  II.  Si..olet.  "  Hv.'  ir- 
tintiirellc   lies   Aitiricus.   rtc.     Or;'    ■■  '  Arfliim    '  '       ■ 

Turn  VII.     0.  Fiir»lcnlifiv,  "  Uii  ii  'tf<  Mo 

Lcipiiilf.  IWl.     .\1.  ragcortccher.  _•.   ;nr  .\imt-U:         .   .i 

II.,  Ix'ipsit;,  1S<W>.IS61,     K.  Claiiarwle,  "  Studien  un  AoamJcn,"   . 
irw#.  JSmil.,   Tom  XVIII.,    1868.     P.  M^^iin,  "  Lcs   parasites  cl 
pamsitaircs.  1880. 


Pig.  380— Amiosiy  of  Iiodn  Bimmiu  (Kficr  Xl. 
rugcimechpr).  «,  Br»iii:5fi),  inliriiry  glMiJ; 
/ly;,  ilucu  or*iiU%'nry  iflnitd  ;  £>,  diTerticul*  of 
iht««tii>«  ;  A,  uiiui ;  /(,  iiriiiiiry  orinui ;  Tr, 
bundle*  of  tnehen ;  St.  ttignui. 
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Sn  tnfts  from  a  pair  of  Atigmatii,  plaoetl,  us  ii  i-nle,  before  or  beliiuJ 
the  hiM  pair  of  leg.^  (tig.  380,  .SV).  . 

Tiie  cDninioii  generative  opening  is  pIhcmI  as  n  rule  fnr  away  from 
the  iiuii.s,  mill  may  l>e  situatfil  aiitenorly  >)Ctween  the  last  jjnir  of 
legs  (tig.  381,  It,  b).   Thei-e  may  be  a  special  eopulatory  opening,  as  in 

h 
a 


_Flu.  3B1.— 1>.  Mole;  b,  remiUe  cenitol  orgmiu  of  ^iy<u  (iift«r  A1.  I'aveniiterhrr).  T,  Tcstot  j 
V4,  cemlnal  duct ;  Dr,  proMate  gliuid  i  Oo,  i^nital  opening ,-  Or,  ovaries ;  (M,  ovMnct ; 
r,  aunu  i  Dr,  kIukIuIbt  appeDdaxei. 

itoh-mites  (Sarcoptidtr),  through  which  the  sperm  pasties  into  the 
"reoeptacuhiin.     The  mulex  ai-e  often  distinguihlietl  not  only  by  their 


V—'Uiy^  at  A  Hjintkm.    t,  It*  pu|w.    Zy,  i-heUoont;  Xf,  iwdipalinu ;  Oc,  ejoK; 

Appendages,  which   ai-e   more   powei-fnl    and   of  a   slightly   diffei'ent 

fonu.    Imt    also    by    the    pttssession    of    posterior    suotorial    pitjs, 

^^d    sometimes   also   by   the   manner    of    jiourishment    and    nuxle 

^H  life.     The   Acarina  are,   with  the   e.\ceptiun   of   the   vivipiirous 


Orihatidtr,  oviparoiis.  The  young  ai-e  usually  h.-it<:he<]  wTth 
three  i»iii-s  of  legs,  hiuI  un»lergo  a  iiieUiinorj>Loid>,  wliifli  i«l 
the  I{}fdmdinid<e  is  distinguLdied  by  tiever&l  ktrvul  anil  p<)[«i| 
8tHge.-<  (fig.  382  n,  b).  Xery  many  Mites  ai-e  |wu-.i^tif  on  HuimbJ 
ami  plHlits.  others  in'e  preiliicion.^  :iii<l  live  M>iue  nn  hiiiii  and  utliail 
in  water. 


Ytaa.  Oernutophili.  Siiiiill  elongatvtl  niiteii  \rith  lou?  renoifnnn.  tnw> 
Tersely  ringi'<I  nUlifiiicu,  with  siictoriAl  proboscie,  gfylifcirm  jaws  ami  ftiir  )«13 
of  iiliurt.  two-joiiiti'il  stiunp-likv  fi-et.  Tbc  niily  kunwn  ffennt-.  Orm't'J 
(.Si  moiKv/).  liven  in  I  he  hnir  follicles  of  dumcstio  animslsi  (D"g,  r*l.  Slurp, 
Cow,  llorst),  nnd  ni>  U.  /olliffMloiinn  Siui.  in  the  hair  fisJlielcs  of  Mao.  ■!>« 
they  may  irivc  riw  m  comedoDeo  (fig.  38J). 

Fani.  BtrooptidB.  Iteh  mitex.  Bixly  microseopicin  sUe.sUml^Milwillitnfs 
skin,  wiih  chitinonit  rf«i«  for  tin-  "Oipport  of  the  ap[icndai(ei>. 
Tliero  arc  no  eyes.  The  oral  ap|>aratUR  consijsts  of  h  suc- 
torial cone  with  chelate  ehulicenc  and  short  laterally-plocud 
|jc<lipalpi.  The  legs  are  short  and 
slnmp-yliapcd,  and  ionie  or  all  of 
them  have  stalked  siietorial  diisc-i. 
The  malcA  often  have  suekers  anil 
processes  at  the  posti-rior  end  of 
thf  tnxly.  The  females  have  » 
s|K!cial  vulva  and  recoptaculum 
ftciiiinis.  'I'lii'y  live  upon  or  in 
the  skin  of  Vertebmti-s,  and  occa- 
sion the  iteh  and  nun^-.  Sar- 
roptr/  acnhiii  Dili:.  t6p.  H85),  iteh 
luite.  With  numerous  poinc^il 
tulxuvles,  spines  and  haira  on  the 
dorsal  surface.  Leg»  live-jointed, 
the  two  anterior  teniiiuatc  wlUi 
stiilkml  sni'ker ;  the  last  pair  of 
Icffs  in  the  male  ends  uoL,  as  in 
the  female,  in  a  bristle,  but  in  a 
stalked  sueker  (fig.  385).  Tb« 
females  only  liore  deep  {lassoges 
in  the  C|jjdemiis,  at  the  em)  of 
which  they  live,  and  produce  by 
their  prieking  the  skin  disejtsv 
known  as  the  Iteh.  The  j<iiiiig, 
when  hatched,  possess  only  three  |iairs  of  legs  and  undej 
The  domestic  animals  an-  infected  by  different  s|iceitT.  of 
may  lie  tcmjiomrily  transfernxl  to  man.  Dermatodretrt  eiimmunu  Kwsl.  ^ff 
hintrt  lyui  Girl.  (fig.  3St>). 

Fam.  Tyroglyphids.     Cheese-mites.     Of  mure  ulonpiteil  form,  with  tinli 
proboscis.  L'lielato  chdicene,  and  three-jointed  [wlipalpi.     IT.!'  (ivi-jointcl 
are  toleiiibly  lon^,  uiid  have  lolic.s  for  altacluucnt  and  claws.     Iju^  >rtick' 
especially  in  the  male,  aie  often  (^ireseut  at  the  rides  of  ihe  autu.    Tbcy 
ou  animal   and   vegetable   nutters.      TyrnglyjiKv  tiro  Gerv.     Mkiur^lffi 


Fio,  383.— Fenule  of  Pltjlajf 
ftM  rilU,  from  Iho  leaf  nf 
tlic  vine  (after  H.  Lull. 
dolsX  Or,  Ovaries;  A^ 
aoufe ;  Git,  geoital  oi>onln^ ; 
B"',  B",  Uiird  and  fourth 
pair  of  Icf^. 


Fio,  si 

M««tnisX  •»«<<' 
maciUnfili  A 
pt*l;jmlpiu. 


ooltl^l 
AkldA 
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/Wi»i  OI»p..  on  rr<it«.  Oli/ciji/iai/n»  frrularuin  Gael-.,  ou  |iotnto(».  JIijiiujiu* 
I'll?..  «(M>i)nling  t«  Mi'giiin  and  Kobiii,  contaiiin  Inrral  forrnn,  which  ntlneh 
UnTOsclve*  to  insects  Ijy  tlicir  Kuckere. 

Fim.  Izodida.  Ticks.  Larger  usually  hlood-sncking  mite',  with  strong 
'Jof«l»Lield  aud  large,  i»rotni8ible  lootlied  chelicerae.  The  |>edi|>aliii  arc  three- 
or  frmr-jointed   aud  club-9ha|icd ;    their  bases  are  joinwl    together  to  form  a 

a  d 


fut.  M.  -  Sartoftn  xahiii  (after  Gmlilen).  «.  Itale  tnaa  the  ventral  aiite.  t,  Female  from 
On  vvntnl  lUle.  r,  Female  from  ibo  dorsal  anrfiice.  ><,  Larvik  'Kf,  Cbelicerci  It", 
lldM  pair  of  letrs. 

|lfi>l»otci».b<;nring  recurved  hooks  (tig.  387).  The  slf-ndcr  leg's  enri  with  I  wo  claw^. 
Two  nhnpte  ••yei'  are  often  pri'sent.  Kespiratioii  by  trat:heie.  Tlie  Tickt  lire  on 
tte  oiNlerwoiid  in  fore.i1«.  Tlie  femalts  crawl  on  to  Mainmalin  and  Man,  <uok 
bhiod,  and  bcwune  much  swollen  out.  The  young,  when  lmtrhi.il,  have  three 
|«lrB  of  IciT".  In  trci|i)(Uil  countries  the  Ticks  are  of  considerable  si«c,  and  arc 
•OUiugst    til''    rnii*t    triiublesome    f«rasit«8,      /.nxlrt    nrhiH/i    L.      /.    ri'ilntiuji, 
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t,  Arft*  rrtlrj-ut,  Latr.,  on  Pigeonn,  occasionally  on  Man.     ^1.  prrtietit, 
[finb.    Xnionous  for  its  bite 

Yun.  Ocmaaids.  Bcetle-miteR.  Chelicersc  Wielnte.  Peflijialpi  (ivc-jotntefl. 
Oic  legs  cud  nith  two  claws  anil  a  sncker.  Tracheae  arc  present.  Some  of 
kem  leid  a  free  lifp  and  are  predacious,  some  are  parasitic  on  Beetles  and  on 
1»  <kin  <i(  Birds  and  Mammals.  Oiimanit  colei'/ilrafnrvm  L.,  Dermanysw 
•rinn.  liU|i,,  Plcmiitun  rricjirrtilwKi*  Henn. 
K.-im.  HydrachiudB.  Wattr-inite.«.  Body  iflolmlar,  often  brightly-coloured. 
IcIiowK  tt-ually  with  n  claw-like  terminal  joint.  They  have  swimming  legs, 
kl  tw(ii>r  fcnir  simple  eyes.  Tliere  are  trachen;.  The  larvie,  when  hatched, 
•  with  their  lanre  suctorial  cone  to  ar|natic  Insect.s,  on  the  blood  ot  which 
tr  live.  J/i/iirac/iiui  crHfiita,  0.  Kr.  Mii'.l.  Atitj-  Jloitzi  Clap.,  in  the  mantle 
■rrty  of  Ibc  I'ninx.     LimniirJuirrK  htihixt-rictti'^  ^AtT. 

''am.  Trombidiida  (fiir.  :hh81.  Bixly  brightly  coliuired  and  covcrwl  with 
■'f»  ;  111"'  |icdii>alpu9  has  a  claw  ami  a  lobc-likc  appen<lage.  Kycs  present. 
"«|iir»tinii  by  irocheie.     The  tiexap<.idtius  young  live  as  parasites  on   IiiKeta 


(rt^^o  Hninuil)  AB,  (uiir  of  leg» 
usr^l  for  carryiuK  ^^  0ffK*. 


KiQ.    388.— rrt>iii*i<l»»«i    Mvrri- 
tmm  (after  H^ifuin). 


Arathnula,  x.imetimea  on  Mamnuilia.  anil  on  Man,  in  whom  they  (»--  L'ptm 
"'inHoiit)  prwlucc  a  transitory  affection  of  the  «kiu.     Tnmtbiilium  Iwlime- 
,  riffnw  L.     Krylhrirv iiarutiiiut  Herm.     TrtraHijehut  tclcarinii  L.     Spinning 
lilt 

Fkm.  Oritetids.     ChcUcera:  retractile  and  chelate.     Pediinlpus  fire-jointed, 
rtib  toirtbcd  bitlnii  plate  on  its  basal  joint.     Ocelli  abtteut.     Oribatei  alatnt 

.  under  mfiss. 

Cam.  Bdellids.     The  ccplialic  region  is  elongated  to  form  a  proboscis,  and 
Idialinci  from  the  rest  of  the  bndy.    The  chelicera;  are  chelate.   The  |ie(lipalpi 
!  long  and  thin.    T1)e  uninmU  creep  alxiut  on  damp  ground.     Jiilrliii  lungi- 
DiiL. 


PYGNOOONIDA." 

Millie  Edwaiils  iind  Kivyer  [ilnoed  the  I'l/tjiwgoniihi  iiuioii^  the 
CrmiUufia  ;  latterly,  liowwer,  they  hnvc  heeti  genenilly  pltu^ed  between 

|»  A.  I.Kilini,  ■'  Die  Pantopoilen  des  Gulfcs  vi.n  N'eapcl  and  der  angrenz<<ndon 
eroalvwUnittc,"  Kine  Monogra|ihie,  I-cipnig,  I8HI. 
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the  Mites  uiui  Spidei-s  nmongst  the  Arae/mitla,  although  they  ; 
a  gi'eater  niiniber  of  Hppeniliiges  than  either,  inaisinnch  as  the  malo 
hiive  nn  ncceMory  pair  of  legs,  iise<l  in  parrying  the  e^g»  (fig.  389»  i 
B).  They  are  sniuU  animals  witti  a  cotiical  suctorial  proboKciii  — iiy 
rudimentary  abdomen  (i^luced  to  a  tubercle)  ;  and  thej  live  in  '^l 
sea,  and  ci-awl  slowly  about  amongst  the  se)i-wee<l».  There  are  F"-^i 
pairs  of  verj-  long,  mnny-jointed  legs,  which  contain  tubular  di^a_7( 
ticula  of  the  stotnach  and  the  sexual  glands.  There  are  no  tnicie;:s« 
On  the  other  hand,  there  is  a   well-<leveloped  heart  with  an  a  ■ 


Fig.  SW.—AmmMra  ;.yyiu^oi>oiifu  {it'gne  unimol).     J>a,  jiroloDintloii*  at kltMnW 
CAniil  into  the  li^ga. 

and  several  lateral  ostia.     Above  the  brain   lie  four  small  lOfflf'' 
eyee.     There  is  a  considerable  ventiiil  chain,  oompoKed  of  »erti" 
ganglia.     The^eggs  ai'e  can"ie<l  al)0ut  on  the  acce.ssory  pair  of 
the  thoni.\  ofthe  male  (fig.  3t<9)  till  the  larva-  are  hatched. 

Pyijni>yimvui  littoralr  O.   Fr.    MUlIer.  North   Sea.     PharifkilitlimtL 
Avitiiothfa  I.encli.  A.  p^jgntKionoidit  Qiintr.  (fl);,  390). 

TARDTGRADA.* 

The  Tardigrnda  constitute  a  second  gJ-onp,  which  iw  oft<<n  i 

M  a  distinct  onler.     They  are  small  mite-like  ArwAnida,  an*!  w» 

•  Povcio,  "MiSmoire  cur  leg  TnriliKra'U'H,"  -In*.  '/<<  Si:  .Vuf.,  It*  fi^r.  Ta» 
XIV..  XVII,.  XVI II.    C.  A.  S.  SduiltKc.  ■■  .Miirn)t)Jolii»  flitfi-IiHi'lii.  rli:,-B<ro>ot 
^  J884.     C.  A.  S.  !k-liult7C,  •'  Kchiiii»cuii  Ucllcmianni,"  Rvroliui,  1840.     DuJirAa. 
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efined  <is  /lermupfirodite  Aradinida  leiHi  sitciorud  iiwitlli.  parts, 
'  tluyrt  stumpy  let/s,  withoiU  henrt  or  respiratory  orgajis. 
The  V)ody  of  these  smiill,  slowly-ci'eeping  lujuiitic  luiiuials  i«  elon- 

t\  anil  vei-miform,  nnd  prolonge<l  iit  tlie  anterior  exti-emity  into 
ctorijil  tul)e,  from  which  two  styliform  jaws  can  lie  protrudwl. 
Tie  foui-  paiirs  of  legs  are  short  tubei-cles  terniiiiated  by  sevenil 
laws  (fig.  391)  ;  the  Inst  pair  is  plnce<l  at  the  extreme  end  of  the 

ETlie  nervous  system  consists  of  foui-  ganglia  connected  by 
commissures.  The  fiiiit  of 
gitnglia  con-espciiids  to  the 
'Fitiu  iind  gives  off  nerves  to  two 
iinple  eyes  and  to  two  sensory 
«|iilln?.    Circulatory  and  respi- 

*tOiy  organs  iuf  entirely  ab- 
int.  The  alimentary  canal 
Wisists  of  a  ulUsi-iilar  phni-vtix 
f>'i  a  stomach  lieset  with  short 
•bU  diverticula.  The  ducts  of 
•o  salivary  glands  of  consider- 
ble  size  rijten  into  the  stictorial 
*0lK>Bcis  (tig.  391).  The  Tardi- 
ttda  art)  hermaphrodite,  and 
HtBK  a  pair  of  testes  ainl  an 
npaii-ed  ovarian  sac  which  ojicn 
)gether  into  the  doacid  tenni- 
ition  of  the  intestine.  They 
inally  lay  lurge  eggs  at  the 
ne  of  motilting,  wliich  remain 
closed  in  the  old  cjist-ofT  skin 
1  the  .voung  animals  are 
Ached.  Devfloj)ment  takes 
B  without  metamorphosis, 
le   animals   live   in    moss    and 

Pin  the  giittci-s  of   i-oofs,  mid 
ion  the  sea-lieacli,  and  it  is  specially  worthy  of   remai-k    that, 
the  Roll/era,  they  can,  by  the  addition  of  moisture,  be  ealleil 
ck  to  life  jifter  a  long  period  of  dcsirt-jition. 

l/acrnhiiilut  ffii/rlatuiii  S.   Sell.,  Milnoiiim  tiirdvj  rail  urn   Uoy.,   EehxHiimt 
tnni  -S.  Sell. 

\  TurdiprndcB  ct  sur  one  csj»6ce  &  lonfis  pieds  vivant  dans  I'eJin  dc  mcr." 
»  Sr.  luit.  Siir.  III.,  Tom  XV.    .41*0  the  works  of  Kaufmnnii.  Urccff  and 
|K  Schultjte. 

3^ 


m^ 


Vto. 'M),  -  Mitcrvloutus  SehntttrHutVerQneB), 
O,  Moulli :  i'm,  pl)ar>*iix  :  Mtl^  ftomacti ; 
Sjul,  salivary  ;;laDdfl ;  Or,  nvury  j  T,  tChtCA ; 
Vs.  vcHicula  Keminiili)^. 
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0»tier  3. — Araneida  •  fSpu>EBs). 

Aritc/inuia  wil/i  j>oi»>n  gliinda  in  the  gtilic/ifinte  ehtlu^tro- ;  tr\\ 
pedij'vrjH  pfilijutljn'  iinil  alalkfd  unsfijmentc</  alutviiuni.  7Vy  It' 
f'oiir  or  shr  n/iinnuiy  nunniiiillw,  iinil  Uco  or/uurjivhnotuiry  toe*. 
TLe  peculiar  ^liapc*  of  the  true  sp>ilpi>  is  due  to  tho  swoUpu 
uiutegnieiit«d  iibdonien,  tlie  Uihc  of  wLicb  i^  cuiiKtriet^d  to  fomi  (I 
xtiilk  by  which  it  is  niiitoil  to  the  ivst  of  tin-  Uxly  (tig.  392).  Tht 
liir^'e  iiubchelHt«  chelitfrw,  which  pi-oject  Ijeyoml  thi-  front  cf  ;li* 
head,  consbt  of  a  powerful  bnsal  poi'tion  grooved  on  the  inner 
!ind  11  rlnw-shin)e(l  teniiiniil  joint  at  the  pouit  of  which  the  dnrt, I'f 
poison  filaiid  (nx'iis  (tig.  393).     At  the  momeut  of  the  bit*  the 

tion  of  thi.s  ghtnd  flow.s  into  the  wound,  and  in 
«>.•«?  of  .snmll  aiiiuinls  omses  an  olnioc^t  instalill-! 
ni-ous  (Icatli.  The  ])edipilpii.s  Ijeai-s  on  its  liti« 
co.\mI  joint,  which  constitutes  «  kind  of  Kii 
Jdmlf  (fig.  392  K),  a  uiaiiy- 
jointe<i  palp,  tlie  t<MTiiiniil  le- 
gion of  whidi  i.s  peculiarly 
luoditied  in  the  male  and  func- 
tions a.s  a  (!opulatory  organ. 
The  mouth  is  boiindeil  on  the 
under  side  by  an  unpaiivd 
plate,  fomiiiig  a  sort  of  lower 
lip.  The  four  pair^of  ukuuIIv 
long  legs,  whose  form  and  nize 
fio  .■wis.~J>y«/««  trf.   varv  ac«'ording  to  the  luaiitier 

«.•.*> fnm.llievn.lml  „f   jif^.    ^.^^^\    ^jt),    (^.„   toi.tliCll 
strte   (r*im<"  iiuinmll. 

iy,clicliccni;jr«,iieili.  claws,   U>   whicli    a   small  claw 

jMiipu.:  r.hn.«ijoi„i  „4^,eR8ory  claws  mav  be  added  (fig. 

Obw)   of  |ie<li|ialiiu> ;  ■'    _  •  *^ 

P,  hinfft:  a/,MWimiof   abdomen  in  the  female  is  alwavw  larg.  • 
lun,f.;   «•  '"""f;"-   swollen  than  in  the  mule;   at' the  1.., 
ihff  trnchpir :  <i,  (ffoi-   part)  of  itw  ventiiU  surface  is  pluced  the  iw[»»in.l 
nmK\nan.miiia..  .scwini  opennig,  nt  the  Sides  of  whicji 

MJit-like  .•ijiortuiTK  of  the  lung  sac^.  1  i 
H  Hecond  pair  of  MtigniatA  behind  tfaeM  ojjenitigK  lemling  wilier  int«>tl)« 

•  lli'jiiiicH  tlie  uorkk  of  C.  A.  Walpkr'nncr.  Trcvirnnii«,  P.  J    ^ 
Tliiirctl,  Metip',  Kdcli,  Dngi-s.  (.ebcit,  ft<;..  eoiniain-.  K.  flrijifiri''!. 
•nir  l'tvi)hitii-<n   lies  Araitftn-e.*,"  (ienOvf,   1802  ;  I'~  I'l 
circiilalinn  iln  santr  oho»  I.*   .Ktu\<x»  ilii  ^M\rv  I.yi 
Plaltiiu,  "  l!ccli('ifln.'k  Mil   la  s<m<'(uiv  dc  r»|i|xirpil  ili;;.;^iii   ■;< 
in*np«  ilr  la  .limilioti  obex  lis  Atan^ns  ili|im'Uiii<iiii'»,"  BruxcUo,  I 


Fio.  ,'iai.-i'...^ii:  ijK' 
Knii  l»Tmiu»i  ji'ii'  ' 

{u-£i%»  nniltuJi      ^ 

ilniT ;  W.    p/«*- 

Klood )  S.     rm» 
vttiolc 

(7*)  and  te\aA 
394).     Th» 
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posterior  lung  sno*  (MyijalUlo')  or  iiito  ii  Nyh+em  of  ti-achea?  {Argyro- 
netti,  Dysdera),     The  anus  Ls  pluceil   ventrivll.v  »t  the  end  of   the 

iilHlonien,  and  is  snnounded 
by  four  or  six  wiirt-like  pro- 
tulternnres  (tig.  395,  '^juti), 
the  spinning  <>i  arachnidial 
mammiHaB.  from  wLich  the 
Mjfi-etioii  of  tlie  spinning 
glands  pimses  out.     In  front 


Vta.  WU. — «,  Leg  nf  the  fomth  jMiir  of  AmaurotHut 

/"  -  r  Oi,  Cabuniatnim.  h.  End  of  foot  of  Pkilma 
/'•  with  two  cUiWA  null  |>eurit  conaiBtiiiK  of 
iHi*   !iaini  (5).    r,   End  of  fool    of  Si*trQ 

ufi.l-im;  K,  wel>-rla«r>i   Tt,  umbniaiar;  uli>ir ; 

Gi',  t'-otbed  briatlw  (accc&aory  cUws)  (after  O. 

Uermanu). 

of    tli»\se  protubeninoes  tltei-e   often   lies  a 

peculiar    .stnicture    called    the    crihrellum, 

■with    a    covering   of    verv    fine    hail's    (fig. 

39ft,  Cr).    The  spuming  glands  (lig.  396) 

are  tubes  of  vai'ious  shapes ;  they  open  by 

fine  pores  on  the  surface  of    the  spinning 

papilltc,  and  .seci-ete  n  viscid  material,  vvhii-h 

in  the  air  hardens  to   a   tiiie   tln-ead   and 

i^  woven  by  the  aid  of  the  oluws  on  the 

feet   into  the  well-kiiown  spider's  web. 

Nervous  system  (tig.  367).-  Besides  the 

iJiruin,  witli  the  nerves  to  the  eyes  antl  I'he- 

^Bsenr,  there  is  n  single,  usually  stur-shajied 

ganglionic  ina.ss  in  the  thorax,  from  which 

Jierves  piss  to  /he  podipaipi  and   Irgs,  and 

H^K)  to  the  abdomen.     Visceral  nerves  have 

bTho  lieeJi  r)bs»'n'etl  on  the  alimentaiy  cjuial, 

a  rule  there  are  eight,  or  moi-e  nu-ely 

disposed  in    two   curved  lines  or  rnoi-e 


Fio.  396.— SplnniiiK  orgau  of 
Amtturobivti  ftrox  (nftor  0. 
HcriD&uii)-  ^'■.  Cnhrellmn ; 
,S/<r,  Kpinniui?  mttnunilln:. 


Fia.  3W.— LnoKii  (P),  (pinning 
plflndu  (5/«/)  und  f^ciionitivo 
orfcmiiB  ( rrf)  of  II  miile  I'holeua 
pkatuHfiiKtii  (rt'fn>f  aiilniiil). 
It,  Rertiuii  with  .Miitpttcfaiao 
veftK'U  oi>cntuu  Into  IT. 

six   simple  eyes,  which 
in   a    (juadnite    on    the 
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dorsal  surface  of  tlie  cephalic  re^on  hebinj    the    frontii] 
Their   arriingeinent  is  ven'  regular,   and    is   charncterLstic  fd 
different  gcneni  (tigs.  31)8  and  399). 


°o 


oo 
o  o 


o 
o 


)hn.  307.— JrjtyaJ'  from  the  vcntntl 
Bide,  part  of  Ibc  fUciu  is  lurucd  nciilo 
trtgae  animnl).  K,  CLelioeni :  Sj, 
tboracic  in]i((lionic  iiiiua;    P,    f. 


oooo 
c 


O       O 
OooO 
d 

Pio.  31R».  —  AminRe- 
ment  of  the  ejoe  in 
AlfTcrciiil  wftideiv 
(»ft«r    Letwrt).      «, 

Synrti ;  ft,  Tryrmttrin  ; 


Fir..  4no.— Aluntalary  Mil 
ff  HygaU  iVVynp  mmalll 

ilirnxiciilB    "f  •««iM<a. 
Z,  bvpAtlo  Onow ;  Jr,  SiiJ- 

htm 


I 


The   alimentary    canal    (fig. 


irniss;  /■.  lamoiiM-  nf  the  lung,;   jjpjmjs  l«neath  the  npi«r  up  with 

■pinainK  papHln. 


Sir, 


ascending  pharyiige»il  jwrlion  of 
ie8ophiigu.s,  into  which  a  siMVular  pu 
ryngeal  gland  opens  (mlivary  giud 
The  naiTOw  oesophagus,  l)eforp 
into  the  midgut  or  iniewtine,  Ls  dil»t< 
to  foru  It  Ructorial  stomach,  wfaidi  I 
f\»rnishod  xvith  powerftilmu!rl«ari«ii| 
fmiii  the  doi-sal  part  of  the  <*ph» 
tbonix.  The  midgut  is  divided  ii* 
an  iintorior  part,  lying  within  '* 
cephalo'  thorm-ic  region  and  piwiik 
witii  two  anterior  luid  four  latvrMl  l"i^ 
of  caTca,  and  into  a  narrower  ubdomiual  .small  intestine,  into  whicli  <■ 
duota  of  the  branclied  hejmtic  tul)es  pour  their  secretion.    The  Uttt 


Tta.  SOS— Aiitonor  part  of  ibe  copht- 
lo-ihnnixiif  .Vyyn/cwllb  lliee;«K(0) 
{Hgnt  nntmul). 
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rs  to  ha^^  a  digestive  function  similiir  to  that  of  the  piiiicreatic 
tioii,  inasiuucli  as  it  dissolves  ullmiiieiis  and  tniusforins  amyloid 
miljftances  into  sugar.  Tlie  sliort  fectum  receives  two  branched 
iimmry  (Malpighian)  canals,  and  dilates  in  front  of  the  anal  ofjening 
to  the  form  of  a  vesicle  (tig.  400). 


W 


Tit*  iOt  .—Heart  Miitl  vrntcalar'truDkH  »(  Ljfcom,  in 
Utcnil  •tut  ilaraiU  view  (after  t'lHpBi*iU')-  P, 
Ijubkk  i  C,  bemrt ;  Ao,  uiirtH  ;  O,  eyev. 


•'lu.  402.— Sexutil  orifftns  of  a 
Tegmaria  (i'hiloieii)  dtmftHi^i^ 
with  the  nl)di>inea  in  outline 
(after  Kertkiiu).  T,  Testis ;  I'i 
voK  dffcreua  ;  AV.  atiemn. 


Tlie  vaacnlar  system  is  not  less  highly  develojietl  (tig.  401).  The 
hkKid  flows  fi-oiu  the  pulsating  doi'sal  vessel  placed  in  the  aMomen, 
tlirough  an  anterior  aoi'ta  into  the  ce- 
phalo-thuiHX,  and  tiience  into  lateiul  ai'te- 
ries,  .'iupplj'iiig  the  legs,  jaws,  hrain,  and 
eyes.  The  blood  i-etiinis  from  the.se 
orgnas  ijito  the  alxlomen,  Imthes  the  so- 
called  longs,  which  are  composed  of 
uiinieroiis  flattened  tulws,  and  then  i-e- 
tums  to  the  doi-sal  vessel  thirmnh  three 
rs  of  lateriil  slit.s. 

The  ovaries  (tig.  397)  are  twfi  nu-emose 

lands  Miri'<)iinde<J  l)y  the  liver  :  the  short 

idacts  unite   to    form  a  .single  vagina, 

is  u.siially  connecte<i  with  two  long 

turida    seniuiis    and    opens    on     the 

Titml  surface  of  the  anterior  part  of  the 

omen  Itetween    the  anterior  stigmnta, 

e  testes    couHist    of    two    long  coiled 

with   a  common  terminul  duct,  which  likewise  opens  at  the 
tgf  the  alMlnnien  (tig.  402). 


Fr>i.  103.— Tennlnal  part  of  the 
petiipaiim  of  S*s<%tria  (  ^  )  with 
Iho  receptacle  of  the  •permato- 
pboie*  (after  Bertinu), 
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The  males  uli«  dktiugiii.shed  fi-om  tlie  females  bj  the  Mualla- 
of  the  ulxlomen.     The  females  ai-e  ul\vay«  ovi|>iinmis  ontl  freqiieuil/ 
ciiiTV  their  eggs  iiltout  in  special   wel):-  {J'/ieriilium,  Doloinedft).    IbI 
the  mule  the  pediptUpus  i;>  motUtied  to  fnnu  n  copulatorj'  nrgan;  tiM| 
thickened  inid  exc:iviite<l  tei-niiuiil  joint  Ls  sj)oon-shaj)ed,  Jind  jiOi»effl(s»| 
ve,siciiliir  (sijiulutory  iippendage  with  ii  sjiinillv-twiste<l  lilirv  (lij;.  4fl;i).] 
Bcfoi-o  lopii  lilt  ion  the  mule  fill.s  this  uppendu^e  with  sperm,  aiiil  «l| 
tlie  moment  of  wituw  intitidueeis  the  teiTainul  tiltre  into  the  feuwUJ 
genitid  opening  (tig.  404).     Sometimes  the  two  sexes  live  potoefulln 
iioiir  each  other  on  neighlxjuring  webs,  or  even   for  n  time  on  tlilj 
.sume  web ;  in  other  cases  the  femiUe,  wliich  is  the  stronger  uoiiiwl, 
lies  in  wait  for  the  male  in  the  same  way  as  she  does  for  all  iininuil> 
weiiker  thifii  hei-self,  and  does  not  sjwire  him  even  dni-ing  or  "fw 
copulation;  the  mule,  therefore,  only  ii)jpi-oiiches  her  «ith  the(.'it«tc-i 
caution. 

Development. 

— The    sefTiiiontii- 

tion  of  the  ov\un  i.^ 

ceiit.rolecithul  (fig. 

107).      The     em- 


bryo.s    possess,    in 
addition     to     the     >*-' 
thoiTicic       appen- 
dages,   the    rudi- 

Fio.  ««.— Mnle  nnd  femiile  df    Juents  of  ulxlomi-  pio.  tcW.- Spiiter  ruil-ryofift^ 

LiHfiikia,    diiritiir    oipuIaUoii    jj,^]       feet       which  K«l'"<"'l     •^''.  Ruil'tniali  rf 

(Hl'ier  O.  Hermiin).                                            '  « 
sulise«]iienflyal)ort 

(tig.  405).     The  young,  when  hatched,  already  ptiswets  the  form  i 

appendages  of  the  adult.     They  aiw  not,   however,  suflicjeiitly  A 

veloped  before  the  tirst  moult  to  spin  or  to  capture  prey.     It  is  "wW 

after    the    moult   that    they    bectune   capable    of   pei-forminj;   tbc 

functions,  leave  the  web  of  the  egg  membranes,  and  liegin  t« 

threiuls  and  to  captui-e  small  in.'iects.     The  thiwuis  which  we  fin 

lloating  in  the  uir  in  great  nuinl)ei>i  in  autumn  and  aro  kiioirn  i 

f/o»mmer  thi-eads  ai-e  the  work  of  young  Spiders,  which  raise  ibemJ 

selves  in  the  air  i)y  their  means,  and  pa.ss  the  winter  in  shelti 

places. 

The  habits  of  spidei-s  are  so  remarkable  that  they  have  for  «  lo 

time  excited  the  interest  of  ol)servers.     All  spiders  are  pi-eJjuauiu 

and  suck  the  juices  of  other  insects;  nevertheless,  the  manner t 

which  they  get   possession  of  their   prey   varies   much,   and  ofl«i 
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w  the  piMNession  of  liighly-ilevelo|)e(l  instincts.     The  tw^cHlleil 

at  spiders*  do  not,  lis  ii  iiile,  fonn  nets  to  catch  their  prey,  but 

the  sei-retion  of  the  spinning  glands  only  to  line  their  hiding- 

pliures  and  to  make  their  ovisiics.     Tliey  cjitch  their  piw  either  by 

aiming  after  it  (tig.  406,  a),  or  by  spjinguig  on  it  (tig.  406,  b). 

ther  Spiders  (fig.  40G,  c)  ai-e  indee<l  iible  to  nin  i|uii'kly,  but  they 

rider  the  task  of  catching  pn-ey  eiisier  by  niiiking  webs  and  nets,  on 

rhirh  they  move  about  with  great  dexterity,  while  other  unimuls, 

lly  insects,  liecome  ver^-  easily  entangled.     The   welis  theni- 

i  are  of  various  kinds,  and  constnit'tetl  with  more  or   less  skill ; 

Kg.  406.  e 


are  either  delioite  ami  thin  and  fonned  of  invjiwlurly  iirmnged 

is,  or  they  are  of  a  felt-like  quality  and  extended  horizontally  ; 

»iu,  they  may  have  the  form  nf  vci-tirally  placotl  wlieei-shaped 

I;  uj  this  nxMC  they  consist  of  concentric  and  mdial  threads,  which 

arranged  with  wonderful  regularity,  the  ratlial  thread.s  meeting 

»  central  ])oint.     Tubidar  or  funnel-slmjied  hiding-places  for  the 

pjder  are  often   found   near  the  welis.     Most  spiders  i-est  in  t!ie 

M'tiiae,  and  go  out  for  pi«y  in  the  dusk  or  in  the  night-time. 

x\y  vagrant  spiders,  however,  hunt  in  the  day-time,  even  when 

be  sun  is  tdiiuing. 
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With    four   luiigM   and    nsanllj  with  (oar 


1.  Tetrapneumones. 
bpuming  niaiiiiiii]la\ 

Kam.  KygalidtB.  Large  fipuiers  thirldjrcovervd  with  hnini,  iritli  foiir  liofi 
and  four  »|iinnii)g  rannimillac,  of  wbii'li  two  lire  Terr  small.  They  do  art 
construct  true  welis,  but  prepare  long  tubes  in  the  i-Arth,  or  linr  tli<>ir  hidit^ 
places  (in  cleftn  iu  trees  or  in  lioles  iu  the  earth)  with  u  thick  web  ;  they  licit 
WTiit  for  their  prey  (at  the  entmnpe  nf  their  hoinej*).  or  they  may  catch  it  in  tit 
ojfn  by  springing.  The  claw  joints  of  the  cheUcenc  arc  bent  ilownwarfk 
Ml/gall'  avirvlarm  L,.  the  lur^  Bini  hipiiler  of  South  America,  lire*  in  »  lalmlii 
web  between  stones  anil  in  crevices  in  the  borV  of  trce«.  Cteniui  •■a'mrnUrii 
air.    The  trnpiloor  spicier  in   South   Europe,  lives  in  rabnUu'  boles  in  il» 

th,  the  entrnniw  to  which  is  closed  with  an  operculum,  n«  with  a  wn  of 
ap-door.  Ati/jnn  Svlu-ri  Latr.,  in  Central  Gennnny,  with  six  fiiinniif 
mauunilln;. 

2.  Dipneiunones.     With  two  lungs  and  tax  t^pinning  miunmilla-. 

Faro,  Saltigrads.  Springing  8|)iilpr»  (fig.  40fi,  6)  with  a  hu?e  srcW 
ccphalu-thoi'ax  niul  eight  eyes  of  unequal  size,  which  are  LToujiCii  almost  Is! 
square.  The  anterior  legs  with  stout  fcmonil  joints «ene  with  the  foUuwini!  l«s» 
for  making  the  leaps  by  which  these  auiiuals  c-ntch  their  ptey.  Thct  'lo  iwl 
construct  webs,  but  spin  fine  saccular  stnicturcsin  which  they  remain  «t  uighi, 
and  later  on  keep  guard  over  their  egg-sacs,  Saltirut  eMjirrn',  furmietm' 
Koch.     Mijrmri-Ui  Latr..  in  Hrnzil,  resemble  ants  in  form. 

Fain.  CitigTadEB  •<  Lycoiida.     Wolf-»piders.     With  long  oval  cephalo-tboru,  | 
which  is  narrow  anteriorly,  but  is  strongly  arched.     Tliere  arc  eight  eyes,  whick 
are  usually  arrangcil  iu  three  trnnsverse  rows.     They  run  about  with  their  lonr  | 
strong  legs  in  pursuit  of  their  prey.     Hy  day  they  areUKually  ctinc«al«l  IwnMlk 
atones,    in   hiding-places,   which    they   line   with  Uieir   welw.    Tlic  {cmala 
frequently  sit  on  their  e^g-«acs.  or  carry  them  about   on  the  ahdomco,  uJ 
usually  protect  the  young  for  some  time  after  they  are  hatched.    M—^n 
niirnl/ilit  Walk.  (fig.  llKi,  «).     J.yeuta  tacrutit  I..,  InmntMln  L..  the  lamitii*] 
Spider  of  SiKiin  and  Italy.     It  lives  in  holes  in  the  grotuid,  and  its  bite,  lai'rt- 
ing  to  the  cnTineon-H  popular  Iwlief,  occasions  the  dancing  madnes*. 

Fam.  laterigradKoThomuida.  Crab-spiders.  With  miuvIwI  ce|ibal(>-th>irtx  I 
aiul  fiattcned  abdomen.  The  two  anterior  pairs  of  Icffs  are  longer  Ihao  Un  I 
following  legs.  They  only  spin  isolated  threads.  They  bunt  insects  lieiicaUlj 
leaves  ruoning  sideways  and  l>ackwanls.  Micromnata  tiiuirafdiM  Ttht,\ 
Thominvn  eitrrvt  Gt>oftr.  (fig.  -lOti,  if). 

Pam.  Tubitela.    Tube   spinners.     With  six  or  eight  eyes  omuigod  Iu  tv)  j 
tmnM-erse  rows,  which  arc  usually  curved.     The  two  middle  \«in  of  Icpi 
the  shortest,  the  hindumiosl  pair  often  the  longest.    They  spin  for  the  ospW 
of  their  prey  horizontal  webs  with  tubes  in  which  they  lie  in  wait.     TefrtMrUt 
(imiietticii  L,  (lig.  40<i,  <■)  (Winkclspiiuie).     Others,  as  Agrlrnu  lahyrft^ifl 
L,,  construct  fnnnel-shaped  webs  or,  as  (Ivhioiia  hottinrrierit  L..  .saccular  rt«l* 
tacles.     Argyronefa  iiijiuitifa  L.,  water  spiders,  with  longer  anterior  pairiil  lo 
The  body  has  a  silvery  Hpiiearancc,  owing  to  the  nuiucroim  air-lml>blc«  whirl 
adhere  lo  the  hairs  with  which  it  is  covered.     It  «pin.<  a  In-U-shaped  »» 
tight  web,  which  it  fills  with  air  like  a  <living-bell  and  tutachca  to  ' 
plants. 

Kam.  iMsqtiitele.    Web  spinners.  Witli  eight  unequally  large  < 
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a  two  transTene  rows,  and  long  anterior  legs.  They  construct  irregular  webs, 
he  threads  of  which  cross  one  another  in  all  directions,  and  live  on  their 
reba.     Theridium  njn/phium  Clerck.,  Pkulnu  phalanffimdeii  Walck. 

Fam.  OrUtalM.  Wheel  spinners.  Head  and  thorax  separated  by  a  furrow  ; 
.bdomen  swollen  to  a  globular  form.  The  eight  eyes  are  arranged  rather 
megularly  in  two  rows,  and  the  anterior  legs  are  longer  than  the  following  legs. 
rhe  legs  of  the  third  pair  are  the  shortest.  They  spin  perpendicularly  hanging 
rheel-shaped  webs  with  concentric  and  radial  threads,  and  lie  in  wait  in  the 
Diddle  point  or  in  a  remote  hiding-place,  which  they  surround  with  a  web. 
^eira  diadema  L.,  cross  spiders. 


Fie.  4ffJ.~^Pkalanginm  opilio  $  {nrnittHm)  (r^gne  animal). 


Fio.  MS.— Male  Rnd  female  generative  organs  of  Phalanginm  opilio  (after  .Krobn).  T, 
Teatia ;  Vd,  vua  def  erentia ;  P,  penis  with  aoceesory  glands ;  X,  retractor  mosclee ;  On, 
orary ;  U,  ntems ;  Op,  ovipositor. 

Order  4. — Phalanpiida.  • 

Arachnida  with  four  pairs  of  long,  slender  leys,  with  chelate  chdicerce 
%nd  segmented  abdomen  joined  hy  its  whole  breadth  to  the  cepludo-thorax. 
They  have  no  spinning  glands,  and  breatfie  by  tracfiece. 

*  Heade,  "  Monograph  of  the  British  species  of  Phalangiidie,"  .Inn.  of  tiat. 
kitt.  2*.  Ser.  XV.,  1845.  A.  Tulk,  "  Upon  the  anatomy  of  Phalangium  opilio," 
Ann.  of  not.  hut..  XII..  A.  Krohn,  "Zar  nahercn  Kenutniss  dcr  milnnlichen 
Zengungsoigane  Ton  Phalangium,"  Are/iie/ur  Ifatvrgetch.  186.1. 


1^ 


ABACHJCIOA. 


The  Phalan<i\idii    (fig.    407)  resemble   the  true   spiders  m 
general    ap]H'urance,    but   differ   from    them    by    pcKst>e>King  chekltl 
cbeliix^m-  w)iii.-h  nro  Wnt  dnxsTixtiirils,  \iy  the  form  of  the  abdomo,' 
the  tracheal  re>'piratii>ii.  nn<l  the  ul>seiire  of  ^pinuing  gland;).    Tkt 
Pedipftlpi  are  either  filifoim  or  peUifcirm,  and  are  armed  with  cUi 
The  abdomen  con.si^ts,  as  a  rule,  of  six  or  more  rarely  eight  or  i 
segments,  and  is  joined  to  the  ct-phitlo-thonuL  by  it.s  whole  lireadth. 

The  nervous   system   Is   divided   into   a   brain    and   a  the* 
ganglionic    moss,    whence   aritse    two   visceral    nerves   which   fa 
ganglia   in   their  coiii-se   on    either  side.      Thei-e  are   two  or  four 
simple  eyes.     Tiie  organ.s  of  respiration,  which  in  all  ciae.s  ranrist 
of   tracheae  biancJung  within  the  botly,  open  by  a  single  pair  d 
stigmata,  u.suiilly  benmth  the  coxa  of    the  la.st  pair  of  leg^.    Thsj 
heart  con.sii>ts  of  a  long  doi>ail  ve-s>*l  diviiled  into  thrw>  cJiMoheml 
The  stomach  is  provided  with  a  niiml)er  of  c«eca,  of  wliicli  the  lutl 
extend  iLs  far  as  the  antis.     The  male  us  well  !i>i  the  female  ^'tdtilt 
opening  lie-s  l)etween  the  jxisterior  pair  of  legs.      In  tlie  male  ii  loiif  I 
tubular  oopuliitory  organ,  and  in  the  female  a  long  ovipositor  can  t*  1 
protr\ided  fixnn  the  opening  (fig.  408).     Tlie  production  of  nvn  « 
well  of    spcriniitozoii  in   the  testis,  as  was  o>jKerved  by  Kroliii  and 
Tri'vimnus  in  uhnost  all  multw,  is  reniiirkul)le. 

The  l'halangiidte  usually  conceal  them.selvas  during  the  ilay  <um1  SH 
out  at  uight  to  capture  prey.     The  South  Amerioiu  sjH-ties  are  vwy  I 
numerous,  and  of  very  stiunge  form. 

Knin.  Fliilan^da.     With  cbamctvrs  of  ihc  onler.      l%ila>uii»m  a/iilit) 
(fi({,  4(i7).      IlKiiylrfitun  hiirrulMf  Kirh.     To  thit-  group  al«u  bcloii^i  ')'/*<l'^J 
Ihmlmitt  durieoritu  Jo&,  and  the  genus  (iilntrelliim  Steele 

OnUr  5. — Pedipalpi  •     (Scorpios-SpidbbbK 

^m<^>ii<//t  tj/"  etnuiidrrtililt  size  ;  jmr>»  proridtil  trith  clatp*,  i 
miU«rior  pair  of  lJt«  lnyt  etvnyattil,  reMviWtuj  attUntur.     Tht  • 
Aot  ofctWM  or  hMh>e  trgmetUs,  nml  i*  cteiWy  nunriM  off" /rum  tit  ni 
of  tht  \iody. 

The  Souqiion-fpidei-s  (tig.  4Uy)  arv  allied  luth  to  the  Spider^ ' 
the  Scorpions.  The  nbdumen,  which  Ls  always  :;epiir«led  from  ill 
cfphalo-lhonuc  by  a  constrict*»l  {Mirtion,  is  ili\ided  into  a  ani.<( 
number  of  si*gnients,  but  presents  nn  distinction  into  a  bra»d  pn 
abdouioii  Mtd  a  thin  iStyKfonn  poi4-«l>domen  as  in  the 

•  II.  1.i>cks  "  K«NU  jar  une  nioa<vni|>hic  <to  gvoi 
dt  AJ,  ISS.\     J.  T.  d.  H«emi,  "  ttlj<lras<eii  tm  •!«   > 
MKyna*,"  r^JM^r.  (*»r  Mf.  Gt^tliinl.  UL.  184^ 
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the  genus  T/ieh//jfionim,  however,  which  is  ina-st  closely  allied  to 

lie  Scoi-pioas,  the  thi-ee  liist  segments  of  the  abdomen  a.ve  nan-owed 

form  of  !i  slioil  tnl)p,  the  end  of  wliich   is  prolonfteil  into  a. 

-jointed  nppendii^'e.      The  chflicene  me  iilwiivs   provided  with 

iws,  and  prolxibly,  as  in  the  spiders,  contain  li  poison  glund,  since 

bit«  of  these  aninmls  is  mucli  feiire<l.    Tlie  Pe(HjMilpi,  on  the  other 

id,  ai-e  sometimes  of  eonsidemltle  strength  mid  iituied  with  ii  cliiw 

ad   several  spines  {P/iri/niu).     Sometimes  {17itl;/p/ioniis)  they  are, 

in  the  Scoi-pions,  chelate.     The   legs   of   the   anterior   pair   are 

Iways  very  long    and    thin,    and    end    with    a    flngelliform    ringed 

portion.     There  are  eight  eyes,  of  which  the  two  largest  ai*  pliiced 


Pio.  <0».— Plirynn*  r«nifornii»(r*gtieRniin»l).    J<,  PedipiUpi ;  Ui,  riHgcUiform  anterior  lag. 


the  mid<lle  of  the  cephalo-tliontcic  slueld,  while  the  three  smaller 

are  situated  on  each  side  behind  tlie  frontal  margin.     They 

athe   by  means   of   four   lung   sacs,  conipttsed  of   a    very   litrge 

■  of  lamellar  tubes.     The  slit-like  openings  of  the  lung  sacs 

1  on  either  side  of  the  posterior  margin  of  the  second  and  tliird 

jominal  segment.'*.     In  the  stnu-ture  of  the  alimentary  canal  they 

ible  the  Scoi-jiion-s,  in  thsit  of  the  nervous  system  the  Spider.s. 

be  gentis  Pfmjnut  is  \'ivipHi-ous.     Ail   the  Pedipaijn  live  in  the 

r>pi«s  of  the  Old  and  New  World. 

a.  Fhzynida.    With  the  chamcters  of  the  onler.    PhrynHt  OUt.  The  large 
fo&A  |ic<lipalpi  are  nrmi-il  with  a  iiiimlior  of  spines  and  end  «ith  n  cUw.     Tlie 
otiratiug  blades  are  free.     The  abdomen  is  tlat  and  relatively  fihort,  and  has 
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t  *nd  no  ji>inte<]  anal  filament  M.  nmi/mmit  latr.,  in  HiaiL 
Ifcfjjiii— I  I«ir.  The  cheliccne  are  (bort  Bad  «■!  a  •  chela,  thsr  SMl- 
atiBg  blade*  tsw  in  tbr  mMdle  line.  The  iJ^rgairf  twel««-iis^  aUiae 
"1  filament.      T.  cavilutxt  Tabr^  Id  JaTa. 


OnifT  6. — SrORPIOMPEA*      (SCU&PtwXS). 

witk  ehflat«  c/ielicertt,  and   liomfmUd,  ftedi/uni  dM 
«il4  ■  prtraMuiium  ooiiijtoaal  o/  «rmi  sefmemU.  ami  n 
men  of  six  »mjmenU,  with  ftoimm  tf  mi  at^tU 
pain  vj  lunga. 

Tlie  8eorpfioD«  b»n  a  m- 
tain  rwemblanoe  to  tbi<  In- 
eujtod  Cnuta«wii  iu  tliw 
powerful  cheLtt*  p«iilip«lpi  iii3 
firm  Hnnoiir  (ii;f.  41<>).  Thf 
.stout  cejihiiJo-tiionu:  i»  jiimid 
to  nn  elun^ted  aMomHi, 
wliieh  is  .r   '  :  ,rri  a  oylili- 

drical  pn.  ■  '■>,  eompn«J 

of  sevcm  «egut«3iLi,  and  a  nrf 
rmrrow  .six-tiegmeiitril  jioet- 
ttlxloinen,  which  t  curteJ 
(loixilwiirds,  T\it<  i^Kt-aMo- 
men  euils  with  a  nirrtJ  jiowiii 
spine,  which  i*  pmriiitxi  with 
two  {Miisuii  plntid.N  The  cheB 
ceiie  sj«  threo-joint««l  wii 
ohelnto;  the  pedijwlpi  ft^ 
with  a  -swolleu  terniiml 
clielii,  while  the  Innl  joint 
senes  with  its  hrnnd  grinJiny 
sui-fnoe  a.s  a  jaw.  Tie  four 
pttb-s  of  legs  are  stmtiglr  il*- 
veloped  and  end  yrixh  (luul>l< 

—  claws. 

(it  UMir  iatfcwU  oi^nuatiou  the  Scorpions  rench  the  hi^wM 

<.iut«i»i*.  "BBn^mucj  lOr  la  fitmille  iloR  Scorjiinn?  rt  dfwripfWf* 
-  adavdles,  etc."     ArfU.  du  rnvfr  iTIf 
rv,  r»l*ti<«i*,  arat  iIi<vi'I(i)iinL'iit  of  the  i 


and  pzv-«bdoxiien  of 

I.     K.',  (.'heli- 

(     IT,     (leotuim ;     Sf , 


^.JSool,  1870. 
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de  of  ull  the  Aradmulti.  Tlie  nervous  system  Ls  conij)os<;d  of  a 
oJjed  lirain,  a  hirge  oviil  {jp^uglionic  miisM  in  the  thonuc,  and  seven 
I  eight  smaller  gun^honic  swellinjis  in  the  iiJulomen,  of  wliifh  the 
»«l  fonr  Wong  to  the  post-idxlouieii.  The  vi.scend  nervous  system 
;  repitssented  by  a  sma.Il  giinglion,  which  Ls  placed  at  the  l)eginning 
the  <i?»«phagiis,  connected  witli  the  limin  hv  fibres  and  gives  off 
fceires  to  the  ulimcntaiy  nuial.  The  pi-inci|ml  organs  of  sense  are 
tie  simple  eyes.  Of  thesie  thei-e  aw  fi-om  tln-ee  to  six  pairs,  which 
ail  ilLstribiitetl  that  the  largest  pair  is  situated  on  the  middle  of 
lie  cepluili>thoi-iix,  and  the  othei-s  right  ami  left  at  the  sides  of  the 
ontal  region.  , 

Tlie  alimentary  canal  is  a  narrow  straight  tube,  which  Ls  sur- 
niindfd  in  the  pni'-alxlomen  by  the  lurge  muhilobeil  liver,  and  opens 
on  the  penultimate  inng  of  the  ab- 
domen. Two  Malpigliian  ves.sels 
function  !is  excretory  <jrgrtns. 

Tlie  circulation  Ls  tho  most  com- 

plicate<i  in  the  whole  class,  but,  as 

the   Decapodii,  .special   blooil  si- 

iins«ti  of  the  iKidy  cimtyare  iusei-ted 

the    vi»,>«uliu-    system.      Tlie 

Med    doi-aal-ve-s-sel,    which     Ls 

Svided    into   eight    chambei-s    and 

is    attax'hed     by    alary    mu.scles,    is 

arrounded   by  a  pericardial  sinns, 

om    which   it    i-eceivex   the   biood 

irough  eight  pau-s  of  slit-like  open- 

Bgs,   which   are   capable    of    lieiiig 

%?losed.     Friim  tlie   heart,  the  blooil 

is  driven   through  an  anterior  and    posterioi'  artery,  anil    thi-ough 

Lteiiil  ai-terie,s  to  the  organs.     The  finer  ends  of  the  arteries  seem 

be  connected  with    the  commencing  veins  by  capillaries.     From 

he  veins  the  blood   is    collected    in    a   i-ecept«cle    on    the   ventml 

il"faoe.     Tlience  tlie  bliKwl  passes  to  the  respimtory  organs,  whence 

pn^^aes  by  .special  veins  into  the  pericaiilial  sinu.s,  and  so  liack  to 

iie  heitrt.     Besplration  is  ertiwted  by  metiiis  of  four  jwii-s  of  lung 

cs.    wjiicli    ojien    to  the  exterior  by  four  pau-s  of  stigumta  on  the 

bird  to  the  sixth  abdominal   .seginentN  and  iin*  composed  of  u  rela- 

|rely  small  numlier  of  flat  tubes. 

Tlie  male  and  female  generative  or^;ans  o|k-u  on   the  ventral  fa«'e 
Sf  the  first  aiNlominal  .segment  [the  meilian  ojx-ning  being  covei'e<l 


Fill.  411.— Binlirco  of  it  Bcorpinn  (aft«r 
E.  Motschmkoff).  JT/.  Chcliccrn- ;  lif, 
pCMlipHtpi  :  B*  to  B".  the  four  puini  of 
thumcu:  Iciw.  There  iiro  rudtmentar}' 
limbti  nil  the  alidomen. 
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by  a  Kmall  valve-like  flap,  the  genital  operculiun] ;  on  the  !«caiid 
abdoininal  xegment  are  attached  two  peculiar  comb-tihaped  stmctnns, 
known  mh  pectineK.  The  latter  are  probably  the  remains  of  thea{^ien- 
'  divgOK  of  the  Hegment,  and  serve  as  tactile  organs.  The  males  tn 
diiitingtiirihed  from  the  females  by  their  broader  chelie  and  loiig«r 
|K>st-iilMlomen. 

The  females  are  viviparous.  The  development  of  the  ovum  talas 
place  in  the  ovaiy,  and  the  embrj'as  have  the  rudiments  of  appends^ 
onJtlu'  pne-aMomen  (tig.  411). 

The  Scorjnons  live  in  wurm  countries,  and  leave  their  hiding- placti 
at  dusk.  When  they  run,  the  post-abdomen  is  bent  upwards  over 
the  lutck.  Tliey  seize  their  prey,  i.e.,  piincipally  spiders  and  krge 
insects,  with  their  large  chelate  pedipalps,  and  sting  them  to  detti 
witl»  their  caudal  poison-spine.  Some  species  attain  a  verj'  eonsidw- 
able  .site,  and  their  .sting  may  even  prove  fatal  to  man. 

Fam.  Seorpioaito.  Srorpio  furojunt  SchN 
of  small  size  and  with  onlj  six  ejres.  in  Itilr. 
AndrivtottHM  occitanvt  Am.,  Butku*  aftr  L. 

Order  1. — Pseudoscorpiosidka.* 

,•1  rachnida  of  small  size  and  rettinUing 
xcorpiiiDS,  but  in't/iotit  caitd(d  epiw  or 
jtoisoii  ijland.  Theif  Irrenthe  hi/  mmM  oj 
trochi'if. 

Tlie  Pseudascor{)ionsniv  far  .■.mailer  iiml 
(!^^i-.  .•  .■<!v.'.>\»".^  Af.  iVvii-  luoiv  simply  orgiinisetl  than  the  sivrpioiiN 
'**■'"''■"■  They  lK>;ir  much  t lie  same  relation  to  the 

tivio  s.><vi>iou>  thiit  the  n>ite>  do  to  the  spiders.  In  their  form  anJ 
tho  ^'.ruvtutv  of  their  ilieliivra- and  chelate  j>e*iijMlpi  they  n^iuWf 
the  M\Mi>iv>us.  On  the  other  liand.  the  hind  end  of  the  >ejrui«it<Ht 
a(><loti\o!>  div>  not  Kwniie  nan\>w  s«i  as  to  form  a  post -abdomen, 
at'.vl  i>  without  a  »-,>udal  >pine  .-uul  {nnson  gland  (tig.  412).  Tliey 
a";  iy\vM->s  >i>U'.v.:i'.i:  slatsd-,  tl>e  ojHniings  of  which  lie  iie:ir  the 
j;x'v,j',;»'.  oivv.'.i-,i>  on  the -><wnd  aKlomiital  ring.  They  jkin-^-n- oiik 
■\\v>  ,>r  t\>'.'.v  .\v','.\,  aisd  n*>pire  by  nirtins  of  tr!iche«>.  which  oj>oii  hy 
•.w,<  ivi'.'.^  v>;  >!'.iu-.;iVi  or,  ti'.e  two  tirst  alnloininal  rings.  Tliey  1»* 
■.vv.»\;'.';-.  ;;.o  l.v»;k  of  fw^,  ir,  juvw-.  l<etwe«'n  the  lesives  of  old  l"Ol'l'^ 

*   w    >.'    ",.■.'.■       v    :         ..<:..  t,-^    :'  >i-.  rt'iiVii'if.i  with  >ievriiitiori 'f 'hi 
!'.•.      >•.  -..     .-    •-  ^     .■.;.-    V  '  0.----.V..'   .•-  .". '.W'Av  .v.  III.     A.  .M.iw.-l''':«' 

,-.','^.      ,  ,  ■VN-.  ■'    -.    "  \     .     .-       N    i  -   -•    ,   ..'     ■>.;•»-•■•»,•'(,    <r»    'i'*<'.(//Vr'.  /*"'-V 

V       >.•••       ;      K  v".     ■  V.       -    ':    .';.•    '.Ar^:!".'...!-..-    'wr  lun'p.   L'hi'nn.t:ili';. 
Nu<.i-,.N!i:  is:;'-. 


»'..  .     «'..'    ■  <>.Sjl«n    f-i-'. 
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ci& ;  they  nm  rapidly  laterally  and  backwards,  and  live  on  mites 
and  small  int<ect«i, 

Fam.  ChemetidB.  Cheltfer  cunerni/fr*  L.  Book -scorpion  with  two  eyes. 
Obitium  itchjiutcflm  Herm.,  with  four  eves,  ('htkimiiu  tromhidioiilet  Latr. 
(filf.  *I2). 

Orrfer  8. — Soli  fuck.* 

•Spt'Ur-like  anivuii-g  withgepanUed  hend  and  lltorax,  vifJi  elongated, 
it-yrnrtUrd  afxlomen ;  mih-c/ielatf  c/iflicerte  and  pedi/orm  pedipalpi. 
f{<*}nmtion  m  effected  hi/  meant  of  tracltetf. 

The  Soli/ny(e  iip- 
prottcb  tiv>ect«  in  the 
w-pineiitntion  of  tlie 
hotly.  The  rephiilo-tho- 
rax  i*  divided  into  two 
r^ons  of  wliii-h  tlie  an- 
terior Ls  coinimriilile  to 
the  inuect  head,  the  po.s- 
terior  (couipoxeil  of  thi-ee 
sepraentM)  to  the  insect 
thorax.  The  long cyliii- 
dricsil  ulxlominal  i-egion, 
which  is  composed  of 
nine  to  ten  segments,  is 
quite  distinct  (tig.  41.1). 
The  body  i?  closely 
rovere<l  with  liiiirs.  Tlie 
onil  up{Kimtiis  coii.sist,^ 
of  powerful  chelicene, 
which  enil  in  a  lurgc 
vertitwUy  placeil  chcbi, 
the  lower  arm  of  which  can  be  moved  pei-jiendicularly  ugainst 
tlie  upper.  Tlie  jwdipilpi  serve  as  ainbiilatorv-  legs,  but  are  with- 
out claws,  which  are  found  only  on  the  three  jKjsteiior  pnii-s 
of  legw.  Th«  latter  Hinse  from  the  tliree  free  thoracic  rings,  and 
bear  peculiar  ciitaneotis  lamella*  at  their  lin.se.  The  anteiior 
pair  of  legs  lielongst  to  the  heiwl  and  may  lie  coiLsideretl  a*i  a 
M.'<cund  jwir  of  pfdiiuilpi  (njaxillitrv  palps).  The  SoUfwjn:  po«- 
•Rn  twti  large   projecting  simple  eyes,   and  respire   like    insects    by 

•  %x    Pnfour,   "  AiiBtoDiie,  (ihyi!ioIi>;,'ie  et  lu«toire  iiatarelle  ties  ttaWodos," 

'~  .</»#  <l  Varui).  dm teirnrr:  XIA'I.,  IgiW.     Til.  Hultoii,  "  Oliscrrntions 

'•  o(  s  Inrifc  s| K-cicfi  of  (ialotMles,"   Aim.  and  Mug.  of  Mat.  Hut., 


Fic*.  419.-  OtiUiid**  tira»^»ittf»  (regnfr  nnimnl). 
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OXTCHOPHOHA. 


DieniiN  of  trachcie,  which  oppii  to  the  ext«?rior  by  four 
openings  between  the  drxt  huU  ttecoud  pair  of  thonurio  upp 
and  ou  the  ventrul  (sui-fitce  of  the  Kbdomeu.  Tliey  live  in  mum, 
sHndy  looilities,  esptvinlly  of  tlie  Olil  World.  Tliey  are  Doctanwl 
in  tlieir  hahiOs  find  lu*  feared  on  lujcoiint  of  their  Uite, 

Fun.  Solpngida.  Stilfmya  ((falnwln')  aranfoittft  P»1L.  fmuvl  an  tlif  ttrffa 
of  the  Volfn  Knd  in  Sonth  Huffiiii.  Other  Urger  tpecJes  vc  (oand  in  AfricLMd 
•umc  foruis  are  known  in  America. 


Class  in.— OinrCHOPHOEA  •   (PROTOTEACHZATA). 

Tr<icli<iitn  icit/i  ttonyated  c<innij'<trm  Ixxly,  (too  anlenuu.,  and  tl>«rt 
pairtd  imper/tctlt/-juiiite>l  l«gs  armed  toith  dtucs. 


Flo.  a*.—l'inp<tt<u  mpnuk  (kfter  Mowl<7). 


Dm  Onj/c/wjfhora,  which  are  t^resc>nted  hy  the  tdngl* 
Pcripatut,  have  a  moilemtely  elonpited  body,  which  is  provided  fjlhl 
paired  logs  (from  fourteen  to  more  than  thirty  fiairs),  ench  •nirtidj 
with  two  Numll  claws  (fip.  414).     The  heud  is  diiftinct,  and  beanl 

jjftir  of  antenna-  and  two  siniiJc 
eyes.  On  it<«  under  surface  tie 
month  is  placet]  beneath  a  Ur^ 
projecting  fiU<'toritil  lip,  aud  i*  fur- 
nisltetl  with  a  {Kiir  of  jawn  iirtDKl 
%vith  chitinoua  clawH.  Ou  Mcli  aid* 
of  the  mouth  short,  in' 
jointed  oral  papilli><  iir**  .i:' 
the  .-fldes  of  the  hend.  The  nervoM 
system  is  iHstingniHhed  liy  tlw  r» 
iiiiirloklilo  se]siiiitioM  of  it)  (on 
halves.  The  {Mired  cerebral  gnuglios 
given  off  twu  in-i-\->'  tnijibs  wbicli  indeed  approach  e»ich  other  rl(»«ly 

.    •  rdipr    1  •■•■    '• '-    ".-"•■ r.i 1.,.-    •,.,..■      ..  1., 

cv,  "On  : 
/  .  WS.    [F.   ■ 

UB  CapcitMs"  Qttan.  Jimrm.  >/  Mw.  6cmrr,  IMil.  J 


Fi...  4IS.— Head  of  ■  Pcripatat  embryo 
(•fur  Moulqyl.  Am,  AnteniUF:  X. 
jaws,  aaiarior  to  which  uv  the  ecto- 
denBlkfekaniiun.  whirh  will  fonn  One 
tnvln. 


iMiJI 
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beneath  the  a-.sophiijrus,  but,  .soon  divergiiit;.  remain  widely  .separate 

f  lor  the  rewt  of  theii*  coui'!*e.     They  ai-e  without  nfnnglionic  .swellings*; 

ire  cmnected  together   in   their    whole    length  hy  tine   tran.svei'se 

Qnuuiiwures,  and  finally  unite  with  each  other  over  the  i-ectum  nt 

gnd  of  the  body  (tig.  416).    The  alimentary  canal  begin.s  with 

•  I  mU!«nilHr  pharsTix,  mid  nins  in   a  straight  nmi'se.     The  auu.s  is 

terminal.     A  doi-sal  longitudinal  ve.s.-<el  proloihly  fu:ictions  a,s  heart. 

[A  pair  of    elongated    unbi-nnchetl   glandular   tube«,    the   salivary 

glands  open  into  the  buccal 

writy.]  Moseley  di.scovered 

t  welklevelope<l   tracheal 

tyitem,    the    .Htiginata    of 

wliioh  are  tlistrihuted  over 

tlie  whole    sui-face  of    tlie 

body.    The  tracheal  tnink> 

i  We  delicate    tubes,    which 

ore  tlLitributed  upon    the 

L  ^"weni  in  tine  tufts.     Long 

glaads     (considered 

by  (Titibe)  open 

I  th«  oml  ptipillie  :  they 

|f  rod  ace    an    exceedingly 

f  «*icb-  fluid,  which  the  ani- 

[lHal  ejectss  when   irritated. 

lulw  Oni/dtopltora  are,  ac- 

Drding     to     Moseley,    of 

epariite   sexes.     Tlie  ova- 

liet  are   united    to    form 

l«Be  Mnicture  placed  in  the 

Riddle   line  on  the  dorsal 

of  the  intestine,  near 

hind  end  of  the  Inxly. 

here   ai*   two    long  ovi- 

t«s    which    function   a.-- 

erus    and    open     by    a 

gmon   aperture  on   the 

itral  surface  close  to  the  hind  end  of  the  body  (fig.  416).     The 

are    paii-eii   and    egg-.sh»j>ed.   and  lie    towards  the   hini)   end 

the  body.     The  vasa  deferentia  ai-e  coiled  and  unite  to  foim  a 

Bon  duct,  which  opens  at  the  same  place  as  do  the  female  organs 

17).     The  eggs  develop  in  the  uterus. 


Flo.  410.  — Anatomy  f>r  n  fenuilo  Pfriftatmt  (after 
Mcwelc.v).  K  Ant«niiif;  G,  brKiii  wnih  the 
vcntml  iiorvo  cords  (Vc);  PA,  pharynx;  /), 
intestine :  A,  niivin ;  Sti,  flUme  (rUind ;  Or, 
nvftries  ;  Orf,  nriduut ;  t*,  uterus. 
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[Segmental  organs  or  neplin<1ia,  resembling  those  of  An 
are  found  one  pair  in  each  segment.  They  open  externally  at  the 
Imij*  of  the  legs  and  mternally  into  the  body  cavity.  The  IxkIv  cavity 
is  divided  into  four  parts  by  three  .s<;pta — ( 1 )  into  a  dorsal  section 
containing  the  dorsal  vessel,  (2)  a  main  central  division  eontaiuing 
the  alimentary  ainiil,  slime  glands  and  genemtive  organs  ;  tind  (3) 
two  lateiiil  compirtments,  which  are  continued  into  the  legs  and  con- 
tain the  salivary  glands,  segmental  organs  and  ventral  nerve  conl.-^] 
The  uniuials  live  Ln  dump  places  beneath  deaijing  wood.     [They 

are  vi\nparou8 ;  in  Peripatus  C*- 
pensis  the  periotl  of  gestation  U 
eleven  or  twelve  months,  the  young 
being  born  in  April  and  Mny.] 

Kam.  Ferip»ti(l«.     Prripatut  Edn 
Mi  Rlniicli.,  /'.  capetu'u  Gr. 

Clau  IV.— MYRIAPODA." 

Trnefiffitii    vrith    nfjHiraUd 
and   nuiiuroim  fairhj    timUar  . 
menu.     They  /lave  (nte  jtair  of 
tennm,    three    pairs   <^f  jnie*,   tmd 
nuiiierous  fxiirs  of  leys. 

The  M}Tiapo«la  of  all  the  ArfAny- 
jHtda  jjresent  the  greateMt  reewtn- 
blance  to  the  Annelids,  in  the  Heri*! 
similarity  of  the  segments,  in  Um 
possession  of  an  elongate*!,  ftttaf- 
times  cylindrical,  «)ODietinie<>  flat- 
tened tjody.  and  in  the  mode  of 
locomotion.  In  fact,  they  Iwitr 
much  the  same  relation  to  the  As 
nelidii  that  the  SnakeK  do  to 
vermiform  fishes  amongst  the  Vertebrat*. 

•  J.  F.  Brandt,  "  Keeucil  dcs  nuinioirc*  relatif.'  a  I'ordrr  des  InMvti^  Vy 
fK»le6."   St.    I'cter<t)iiur>t,  1841.     G.  Newport,  "On  the  organs  nf  nejirodoction 
and  the  deTtlnjmiciit  (if  the  MyriajKxla, '  Phil.   Tram,,  18*1.      Kiich, 
dcr  Myritt(>odeu,  llcKen»barp,  1847.     .M.  Fabre,  "  Rechrrchc*  »ut  I'suiai 
oTKaii!-  re|ii-i>ductciir8  ct  eur  di'veloppinont  dcs  Mrriftjin'Jr*,"  Ann,  Jrm. 
IV.  Si'rr.,  Tom.   III.     Fr.  Mcincrt,  '•  Imnnmrk-i  ri,  ."    .Yslm\ 

thrift,  3  K.,  Tom,  V.  ;  and  "  ScolojK'ndrcr  u\!  Lit  I'  i' ,  Tvm. 

LatjicI,  ••  IHc  M)rrio|)i>len  dcr  oftteTrt'ichiaoh-unKafi^ ^i  .jiattrhie" 

Chilo|K>deM,"  Wien.   1880.    Erich  Htuue,  " Schh-sicn*  tTbilopmUn." 
18M0,  1881. 


Fki.  417.— Hind  end  of  a  male  /"rri- 
patmt  (after  Mowlcj:).  T,  Teatm ; 
Pr,  progtate  eland ;  I'll,  vasa  defer- 
entia ;  De,  ductus  ejaculftlorlnt :  D, 
rectum ;  l>,  veatxal  uerve  truska. 
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The  head  of  the  Mjnriapods  coisfesponds  closely  *dth  that  of  the 
Inuects,  and,  like  the  latter,  bears  a  pair  of  antennae,  the  eyes,  and 
two  or  in  the  Chilopoda  three  pairs  of  jaws.  The  antennie  are 
placed  on  the  frontal  region,  and  are  usually  filiform  or  setiform. 
The  strongly-toothed  mandibles  resemble  those 
of  Insecte,  and,  like  the  latter,  are  without  palps. 
The  mazillte  in  the  ChUognatha  have  the  form 
of  a  complicated  lobed  oral  valve  (fig.  427  6), 
the  parts  of  which  were  formerly  supposed  to 
represent  two  pairs  of  maxillse  fused  together; 
while  in  the  Chilopoda  they  consist  of  a  single 
blade  bearing  a  short  palp  (fig.  425).  In  rai-e 
cases  the  mouth  parts  are  transformed  into  a 
suctorial  apparatus  (Polyzonium). 

The  body  is  composed  of  similar  and  distinctly 
separated  segments,  the  number  of  which  varies 
considerably  in  diflferent  species,  but  is  usually 
constant  for  the  saane  species.  The  segments 
bear  paired  appendages,  and  a  strong  dorsal 
and  ventral  plate  (tergum  and  sternum)  may 
often  be  distinguished.  Although  the  segments 
of  the  body  are  so  much  alike  that  it  is  impos- 
sible to  fix  a  limit  between  thorax  and  abdomen,  Fio. 
still  certain  features  of  the  internal  organisation, 
especially  the  fusion  of  the  three  first  ganglia  of  the  ventral  chain, 
show  that  we  must  regard  the  three  anterior  body  segments  at  least 
<^  the  ChUognatha  as  constituting  a  thorax.  In  the  ChUognatJia 
a  single  pair  of  legs  is  attached  to  each  of  the  first  three  to  five  body 
segments  ;  each  of  the  following  segments,  on  the  other  hand,  bears 


118.  —  Scolopendru 
wtonitatu. 


Flo.  tl9.—Iultu  temHrit  (after  C.  L.  Koch). 

•imoet.  invariably  two  pairs,  so  that  they  may  be  regarded  as  double 

M|pDa0iit8,  formed  by  the  fusion  of  two  .somites.     The  legs  may  be 

tMdwd  to  the  sides  of  the  somites  (CkUopocUi),  or  nearer  the  middle 

«t  the  ▼entral  surface  {Chilognatfia),  and  are  usually  short  with 

Hx  to  seven  joints,  and  terminate  with  claws  (figs.  418  and  419). 

dr  internal  structure  the  Mjrriapods  closely  resemble  the 


sir, 
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I  insects.  Tlie  nervous  system  Ls  di-itingtik<lie<l  )>y  the  greHt  elangitiot 
of  the  ventml  gungliouic  coi'd,  which  runs  along  the  wliole  U-nph 
of  the  body  and  w  swollen  in  eiich  segment  to  foi-m  »  piiiijlini 
According  to  Newjwrt,  there  in  «  sj-stem  of  pnii-wl  and  un 
\TscenU  nen'es,  like  those  of  Insects.  Eyes  at*  only  nu^ly  wintinj' 
and  ai*  usually  present  as  ocelli  which  are  sometimes  closely  {uu-'keil 
together,  or  i-arelj'  {ScHtMjera)  as  peculiiirly-fornie«i  facetted  eyps. 

The  alimentary  canal,  with  rare  exc«ptionK  {O/ifmerU),  UiVt' 
straight  course  thtnugh  the  entire  length  of  the  liody.  and  opeiu 
the  anu8  in  the  last,  segment.    The  follomng  pirts  can  lie  distio-' 

guLsheil : — u    narrow    fetopli 
beginning  with  the  buoot]  otriq 
and,  as  in   Insect*,  receivinj?  th 
contents  of  two  to   nix   tulniii 
salivarj-   gliuids ;    a    wide, 
long  fiv«»mlero7t,    the  smfsc*  i 
wliich  Ls  closely  Ijeset  with  »lio 
hepntic    tubes    projecting    inU 
the   body    cavity ;    a    hutd  j;« 
which  it»ivives  two  or  foui'  Md 
pighian  tubules,  the  latter  li«in 
coile<l  txjund  the  int^-tine; 
finally  a  short  atiii  wide  rectum. 
The  centi-nl  organ  of  the  fil 
culation  is  a  long  pul»nting  doi 
sal  vessel,  which  extends  thiw 
all  the  sogiuenti.  of  the  Jiody  (fig 
420).     It  is  divided  into  » 
number  of  chainbens  which  ( 
wspond  to  the  segmentation  mu^ 
in  Scvlopendra,  ai-e  uttaelicd 
the  dorsal  wall  by  ahiry  muscles  to  the  right  and  left  (tig.  420, . 
The  blood  pa.s.ses  from   the  body  ca\-ity  through  laterul  juiinHl  JiM 
into  the  chiunhei-s  of  the  h«u't,  and  is  thence  driven,  i>nrtly  llunuj; 
paired  lateml  ai-tories  and  partly  through  an  anterior  cephalic  i 
which  tlivides  into  three  bmnches,  to  the  organs  of  the  Ixuly  ctvil.rj 
fi-om  which  a  blood  siniLs,  enibnicing  the  venli-al  g;ingliuiiir  cli 
i»  separate*!  ofl'. 

All  Mi/riapods  breathe  by  means  of  tracheae.  llieN?,  as  in  liu 
receive  the  air  from  the  exterior  thniugh  pairwl  slits,  which 
found  in  almost  every  segment  (sometimes  Iteneath  the  ImwiI  yM 


Fto.  430. — Heml  And  anterior  segmantB 
of  Seolopmdra  (afXer  Newport).  O, 
brain  ;  O,  ttyes ;  A^  tuiltmui* ;  KJ',  max* 
illiped  (poiiOQ-cUvrl  i  C,  beart;  JT, 
alary  miuolM  of  the  boart;  ^  r,  artcriw. 
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of  the  Uiubs,  sometimes  in  the 
connecting  membranes  be- 
tween the  sterna  and  terga)  ; 
and  they  give  off  bunches  of 
tmchete,  which  branch  and  are 
distributed  to  all  the  organs. 

Generative  oigans. — ^The 
Myriapoda  are  dioecious.  The 
ovaries  and  testes  usually  have 
the  form  of  long  unpaired 
tubes,  while  their  ducts  are 
often  paired  and  are  always 
connected  with  accessory 
g^nds,  and  in  the  female  are 
sometimes  provided  with  a 
double  receptaculum  seminis 
(fig.  421).  The  genital  open- 
ings lie  on  either  side  on  the 
coxal  joints  of  the  second  pair 
of  legs,  or  behind  this  pair  of 
appendages  (ChilognatJia),  or, 
as  in  the  Chilopoda,  there  is 
an  unpaired  genital  opening 
at  the  posterior  end  of  the 
body  (fig.  422). 

In  the  male  sex  amongst 
the  Chilognat/ia  there  are 
often  external  copulatory  or- 
gans* on  the  7th  segment, 
remote  from  the  genital  open- 
ings. These  become  full  of 
sperm  before  copulation,  and 
during  the  coitus  introduce  it 
into  the  female  genital  open- 
ing. 

Development. — ^The  fe- 
males are  usually  larger 
than     the     males,    and     lay 

♦  Besides  Fabre  Lc,  compare 
Vogea,  "Beitrii(?e  znr  Kenntiiiss 
der  Jnliden,"  ZeiUckr.  fur  n-ist. 
Zool.,  Tom  XXXI,  1878. 


Fio.  ffil.— GeneratiTS  organs  ot  QUmtrit 
marginata  (after  Fabre).  T,  Testis;  0>, 
oraries;  Od,  Oviduct. 


Fig.  422.— GeceratiTe  organs  of  Smlofnnira  eawt- 
pianola  (after  Fabre).  T,  Testis;  Yd,  vaa 
deferens ;  Dr,  acoessorr  glands ;  Sb,  loop  of 
the  vesicala  seminalis ;  (h,  ortaj. 
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their  eggs  in  earth.  Tlie  jiist-hatcheil  young  often  pas'  throo^ 
a  metamorphosis,  hn-ving  at  first  only  three  or  seven  jwirs  of 
legs  in  addition  to  the  antennie,  and  a  few  somites  without  liiul"* 
(fig.   423).     The    young   animals   undergo    numerous    muuitv   mui 

gratiually  increase  in  siie:  the 
extremities  sprout  out  on  the 
somitCK,  which  are  nlr«a<i,v 
present.  New  ttomitec^  »r* 
constricted  off  from  tlie  tertiii- 
nal  one  until  the  full  uuuiber 
is  complete<l ;  the  uuiulier  of 
ocelli  and  of  the  joints  of  the 
antennie  if  increft.««l,  und  thf 
resemblance  to  the  sexual  animal  Ls  giiulually  perfected.  In  otlier 
cases  (Scdopendra,  fieophilid^)  the  embryo  alrendy  |)o»*«*»>  \U 
full  numljer  of  ap]>endftges. 


Fia,  413.— XmbiTO  of  Sfmafy/'iMiu  (after  K 
Meuchnikntr). 


Order  1. — Chilopoda.* 

Myriofodia  of   vmiaUy  finUen^d  form,    tnilh    loitfi    manij-Jort 
antenna,  ami  montfi  jvirln  adapted  for  jn-rd at  ori/  Imhits.  tritJt  tnJij  mie 
pair  o/  apjiendnga  to  encfi  segmtnt. 

Tlie  body  is  long  and  ustmll*  lldi- 
tened.     The   chitinous  exi>kel«ton 
is  hnixlene<l  on  the  dorsal  and  vm- 
tral   surface  of  ouch  somite,  consti- 
tuting the  tergnl  and  sfemiil  pUt<*, 
while  on  the  sides  of  the  i<oniit«»  it 
remains    soft.      In    certain    forntfj 
some  of  the  tergu  develop  to  \uf*\ 
shields,  which  over- la ji  the  somllw 
terga  of    the    interme<liiito  .'onuttf 
(fig.  424).     The  Dumtx<r  of  lej^s  i'  | 
never  greater  than  that  of  tbp  «>p- 
rate  segmeut4t,  a   single  pair  «nl; 
being  de^-eloped  on  each  segmimt. 
The   anteurup  are    long  and  many- 
jointed,  iind  ai-e  inserted  lieiu"i»tlitl)» 
frontal  margin.    The  e}"es  are  siinplo ! 
or  aggregated  ocelli,  except  in  the  genus  Sentigera  which  ha*  facetted  j 

*  Newport,  ••  Monoirrapli  of  the  ClniB  Myrinpoiin.  onler  Chilop<xU,'  Li 
Traiuuirtumji,  XIX. 


Pic.  tak—LUtuMin  forfeatit  (ntUr  C. 
L.  Kocb).    Ay,  Piil»nTi  claws. 
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Vye>.  Tliere  are  aUvnys  two  pairs  of  jaws  (fig.  425) ;  the  mandibles 
(Md)  and  one  pair  of  inaxilln?  {^fx'),  the  latter  bearing  a  short  palp. 
In  adi-Ution,  the  first  jw-u-  of  (thoraoic)  legs  (Mx")  foi-m-s  a  kind  of 
nnderlip  which  often  liears  two  long  palps.  The  next  pair  of  legs 
•IwHys  appHMche-s  the  head 
ft>  a  kind  of  um-villiijed,  and 
forms  by  the  gi-owing  together 
of  its  buisal  parts  a  consider- 
alile    me<lian     plat«,    on     the 

right  and  left  of  wliicli  great 
Ktour-jointed  poi«on  claws  {Aff) 
[project.  The  I'eniiiining  ap- 
t  pmdages  arise  from  the  sides 
I  of  the  body  segments,  the  la.st 
[jiair    being    fi-equently   elon- 

pt«d  so  ««  to   project    lnu-k- 

wiinLs  far  behind  the  last  seg- 
ment. 
Tl>e  geneiTitive  organs  open 

bj  n    KUigle    npertui-e  at   the 

hind  end  of  the  body.   There  is 

lo  male  copulatoiy  ap(>ai'Htns. 

TLe    young,    when     hatche<l, 

iwve   .<seven   paii-s   tLit/iol/ius) 

or  the  entire  numlier  of  appen- 
(Scoloptndrn).      Tlie 

ChiloiKxla    feed    entirely    on 

tiinuils,  which  they  bite  with 

the  poison  claws  and   kill    by   the    secif-tion    of    the    poison    gland 

vhich  flows  into  the  wound.     Certain  tnjpical  species  of  large  size 

are  able  to  inflict  wounds  which  are  dangerous  even  to  man. 

Kam.    ScolopendridB.      .Xiitenniu   long 
jl^  l  ^V  iin<l  ttiin  nitli  a  rclntively  small  number 

^"nrMn     ^t^JSk  "f   joints,   only  n  few  ocelli.      The   »eg- 

^^  m^CS^JI^^S^M  mcntr^  of  the  bo<ly  are  xomelimcA  erioal, 

^H  v3^^^^I^^^O>~A  Romctlmes  uncfiual.       Siutliipfmlni  (with 

^^^^^      ^b^V    ]_  y^  "W  "'"*^     ixiirs    of     stijfmnta)    ijigantni     L.. 

^^^^K     T  -^^^   ^'~«.»— M  founil    in   the   Ea!<t    Indie*.      >^.    wrti- 

^H^H?  tann,    fn>m    South    F^irope.       Gi-djiIiIImi 

■"T;.  «*■•-?•""';'    '"If"  "'  ,?'"'•*'/••       mbtrrram^,'.  thrtricy,  L. 
^B    ornxniipeil.  •''»'"•  iJtliobud*.      With    long,   mnny- 

^H  jointed    nntonnie   and   nnmcrous    ocelli. 

^*flonie   of   the    tcrga   arc   jcruatly  developed,  and    (nrtially  over-Uii   those    of 


Fill.  425.— Oral  iippiiruliw  of  Sco/o/Kwrf''!  mutiea 
(Kftcr  Slein).  Ok,  Ujiper-lip  ;  JW,  mandililw  i 
.fi\  raMxill»  ;  Mi",  Brat  pnlr  of  le«r»  or  second 
mAxillir:  Aff,  poison  clnw»  (m»xillip«d) ; 
TV,  pulp. 
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the  intermeiliate  (egnients.      Lifhuhiut  farfi<Hitn$  L..  with  fifteen  pun  J 

Kttni.  8entig«ride.  Tliu  niitriiiiH;  arc;  at  leitiit  lifi  Um^>  xa  the  budv.  Difcltp 
are  lonir.  thrir  Icn^h  iuercaaiiii;  from  Ix-fnrc  hackwanls.  Facetted  trjM  iiutad 
of  ocelli.  With  n  «tnall  uumber  of  free  tciva.  Smtigrra  rnUojrtntta  U.,!>a^ 
Ocrnuuiy  aii'l  Italy. 

Ol-dcr  2. — CBILOOKATaA. 

T/m  a/iupe  0/  flm  body  it  eyUmirical  or  mhcj/lituirioal,  TTifrt  it  t 
fnur-lobed  plate  beAiiul  the  iiutndiblet,  <m<l  ftoo  pairs  of  Ug*  on  ««i 
mtpntnl  {l/ie  anterior  twyti^erUs  Gteepted).  The  genital  opmiitgt  an 
on  tJif  o)xnljoinl  of  lh«  »eco)i'l  pair  ofltyt. 

The  htxly  of  the  C/iiltH/ttatJui  is,  as  a  rule,  cylindriail  or  «ib- 
cylinilriml.  The  sejoui-iits  have  the  fonn  of  cvimplete  rin^  or  an 
provitUil  with  .-ipeciiil  dorsiil  plllte^.  In  iimny  ouies  {JtJi'la)  tht 
btxly  is  much  elongnte*!  ;  in  others  (Ghmirrit)  it  in  shon,  like  thatuf 
a  wootl-loiK*  (tig.  427).  The  aiiteiuMe  iire  ^hort,  and  coniist  only 
,1  of     seven    joihU, 

of  which  the  but 
niay  abort,  flu! 
mandibles  in 
provided  with 
hrotu)  tna:<ticHting 
sui-foceci,  which 
M?i-ve  to  cnirJi  th* 

vegetAble  matters  on  which  the  animals  fec«l,  and  with  an  ay^ 
movahly  articulated  pointed  tooth.  The  miudllic  ore  united  so  an  to 
form  iiti  inferior  l)U(wil  plat<?,  the  sides  of  which  l>e«r  two  nidinienl^f^ 
hook-shiiped  l)ludp.s  (tig.  427,  h),  while  the  middle  p4irtion  »pl>nin' 
to  represent  the  underlip.  The  eyes,  which  as  a  rule  comartof 
aggregiiteil  simple  eyes,  are  sitiiatctl  n\tov«  and  external  to  the 
antennie.  The  untt- riur  thonu-ic  legs  are  nn  a  rule  directed  fon\iini» 
towanls  the  month.  The  three  thoracic  segmentci,  and  !Jometiiii» 
the  next  two  or  three  .sepnents,  bear  a  single  fMiir  of  legs.  All  ik 
others,  except  the  seventh  in  the  male,  hear  two  pairs.  i<ligmata<tn 
present  in  all  the  .-.egnients,  and  are  more  or  less  liidden  lienmtL  ih' 
coxal  joints  i>f  the  limits.  The  rows  of  pores  (ftttiimina  reptignatonn] 
on  either  side  of  the  l>ack,  which  are  often  tMkcn  for  mvt  o< 
stigmata,  uro  the  ojM»nings  of  cutaneous  glands,  and  se«Tete  a  iw- 
roding  fluid  for  the  jii-oteotion  of  tlie  animal,  llie  generative  cr^w 
open  on  the  coxal  joint  of  the  second  paii'  of  legs,  and  in  the  mil' 
aex  there  ia  also  a  paired  copulutory  organ  preoent  on  the  •evestlk 


rvv^ 


Fill.  417. —«,  aUmurit  marginata  (nfler  C.  T«  Koch), 
(iutcrjor  bucc«]  pUite)  o(  Jmltu  termiri: 


i.  Murine 
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segment  of  the  body,  at  some  distance  from  the  genital  openings. 
In  GflomerU,  this  copulatory  organ  seems  to  be  replaced  by  two 
accessory  pairs  of  appendages  on  the  anal  segment.  The  young 
pcMaess  at  first  only  three  pairs  of  legs,  and  the  metamorphosis  would 
therefore  seem  to  be  more  complete  than  in  the  Chilopods. 

The  Chilognatha  live  in  damp  places,  beneath  stones  on  the 
ground,  and  feed  on  vegetable  and  dead  animal  matters.  Many  of 
them  roll  themselves  up  into  a  ball  like  the  woodlice  or  into  a  spiral. 

Fam.  FoIytonidK.  With  small  head  and  subcylindrical  bwly  which  can  be 
rolled  up  into  a  spiral,  and  suctorial  mouth  parts.  Polyzonivm  germanieum 
Brdt. 

Fam.  Jvlite.  The  head  is  large  and  free.  The  eyes  arc  mostly  aggregated 
together  ;  with  cylindrical  body,  which  can  be  rolled  up  in  a  spiral ;  without 
broad  dorsal  plates.  The  limbs  meet  together  in  the  middle  ventral  line. 
JhIu*  tahulotm  L. 

Fam.  PolydeimidM.  With  large  free  head  and  laterally  extended  dorsal 
plates.  The  number  of  somites  is  small.  Poli/ilrfmuji  complanatui  Deg., 
Piili/xentit  lagnrM*  L.,  with  twelve  pairs  of  legs.    Pavropii*  Huxlryi  Lubb. 

Fam.  Olomerida.  The  body  is  short  and  broad,  and  can  be  roIlc<l  up  into  a 
balL  There  are  only  twelve  to  thirteen  segments,  which  possess  dorsal  plates. 
The  last  ring  of  the  body  is  shield-like.  They  remind  one  of  the  genus 
Armadillo.  Glomeri*  marginata  Leach.,  with  seventeen  pairs  of  legs  ;  in  the 
male  there  are  in  addition  two  pairs  of  genital  appendages  at  the  hinder  end 
of  the  body.     Splimrothenum  eUmgatum  Brdt. 


Class  T.— HEZAPODA  *=I]!rS£CTA. 


Traeheata  with  two 
antentue  on  th^  head, 
and  with  three  pairs 
of  leg«  and  u»\uMy 
two  pairs  of  toings 
on  the  thorax,  whicJi 
latter  is  composed  of 
three  segments ;  t/ie 
abdomen  fuis  nine  or 
ten  segments. 


Fio.  428. — Head,  thorax  and  abdomen  of  an  Acridium  seen 
from  the  side.    St,  Stigmata ;  T,  tympanic  organ. 


•  J.  Swammerdam,  "Historia  Insectorum  gcneralis."  Utrecht,  1669.  J. 
Swanunerdam,  "Bijbel  der  natuure,"  1737-1738.  Reaumur,  "  Memoires  jxinr 
servir  i  I'histoire  des  Insectes,"  12  vols.,  Paris,  1734-17-12.  Ch.  Bonnet, 
••Trait*  d'Insectologie,"  2  vols.,  Paris,  1740.  A.  Rosel  von  Rosenhof,  "In- 
icctenbelustigungen,"  Nurnberg,  1746  to  17C1.  Ch.de  Geer,  "Mimoirea  pour 
servir  4  I'histoire  des  Insectes,"  8  vols.,  1752  to  1776.  H.  Burmeister,  "  Hand- 
buch  der  Entomologie,"  Halle,  1632. 
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Tlie  >*i«mtion  of  thi>  IkxIv  into  the  three  regions  kiiovm  as  b(«il 
thonix  und  abdonieu  is  more  distinctly  murkt^i  in  Injects  tbiko  in 
any  other  of  the  ArticiJata.  The  nii tuber  of  somitefi  und  •ppeniUgK 
Kj)pcHi-«  to  he  constant  ;  the  bend,  with  it.s  four  pairs  of  appeuda^ 
lieing  eoiiiputied  of  four  i^egments,  the  thoiux  of  tlireei,  the  aUlonia 
tuiunUy  of  nine  or  ten  (eleven)  (Ortfwptera)  (fig.  428).  The  *nt«nor 
tilHiuuiinal  segment,  however,  not  uufrequently  takes  part  in  tlw 
foruiiition  of  the  thoi-ax. 

The  head,  which  b  »l- 
uiost      always      ^hl>rptJ 
mui'lced  ort"  from  the  thi>- 
i-ax,  is  formed  of  an  iiDt«$- 
meut«<l  capsule,  in  which 
ilirt'ei-eiit    i-cgiou;^    may    he 
diiitingiiished.      Tlu-w  i*- 
gioii.s    have    l>eeu   rmniei, 
fac*.       for«fheMd,      ehcek>, 
tiu-oat,  bkull,  etc.  after  ih»: 
parts    of    the    Vertelwt*; 
hetul.     The   upper  tiiie 
tlie    head    1h?»ix    the   e^is 
Intemlly,  und  the  aiiteniir, 
while  on   the  lUMier  put 
the     three    pain*    of   onJ 
up}>endag(»    are     in^tri*! 
round    the    mouth.     The 
anterior    uppenduge»>.    lh» 
unteniue,    ait*    in     Iiu«ctt 
formed    of   a    simple  n>« 
of     segments,     but     vmt 
much    in   form    and  'im. 
They    mnially    ari«*   from 
the    frontal     region,   «tiil 
serve   not   only   as   tacttle 
orgnn.s,    l>ut    also    iu«   ur- 
giins    of    Bmell,      W«>  ctb 
dietinguiKh  between  retjulnr  ant^nnie  (where  all  the  joint*  are  abkf) 
and   irrfijulnr   nntenna*    (fig.  429).      Tlie  tirst  niiiy  lie  lirif.tle-likft 
filiform,  monilifoiin,  deuliite.  or   pectinate ;   the  irregular  anUoin*, 
in   which    the    second    joint    and    terminal    joints   are    espenklt* 
liable  to  modification,  are   mowt   frequently  club-shaj>ed,   knoliUd. 


Fio,  4t0.— DUIerant  (nrmt  nf  luitciiiiii-  (itfter  Bur- 
nieinler).  u,  BriKUL*-hkc  niitcunit  of  Zoom*','  ;  //. 
flUfurm  antcanii  of  C>iiif»u  i  r,  lunDlUfonn  iintrniui 
of  Tmrhno;  J,  tlcnuw  <if  Elalrr :  .,  pectinate 
kulcnna  of  CIniirrra  :  f,  crookol  luueiinii  of  Afu  , 
^,  club-Bhnped  of  SiijJui ;  *,  knotibetl  nf  JV#pro* 
l-hont ,'  i,  InmellHted  of  Mrltloutka ;  t,  untcnns 
witli  bii»llu  fram  Sarffiu, 
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lolwnl,  or  erookeil.  In  tlie  lust  i-ase  tin'  tir^t  or  second  joint  i^  elon- 
grated  forming  the  Khuft,  to  wliich  the  distal  und  shorter  joints  are 
attached  at  an  angle  as  the  flagellum  {Apis). 

The  following  structurex  enter  into  the  formation  of  the  month 
parts : — the  upper  lip  {labrum),  the  upper  jaws  (mandibles),  the  first 
pair  of  muTilIm  or  lower  jaws,  the  second  pair  of  maxillw  or  lower 
lip  {labium).    The  upper  lip  is  a  plate,  which  ix  usually  movably 
articulated  to  the  cephalic  shield  and  covers  the  mouth  from  above. 
Beneath  the  upper  lip  to  the  right  and  left  are  the  mandibles  or  upper 
jaws,  in  the  form  of  two  palpless  biting  plates ;  they  are  nnjointed, 
and  therefore  more  powerful  as  masticatory  organs.     The  fii-st  pair 
of  maxUlK  or  lower  jaws  have  a  more  complicated  stiiicture.    They 
are    composed    of 
several      joints, 
and    are,    there- 
fore,  adapted  for 
lees  powerfiU  but 
more  varied  move- 
ments in    aid    of 
the      masticatory 
process. 

The  mazilbe  of 
the  first  pair  (fig. 
430)  are  made  up 
of  the  following 
parts :  —  a  short 
basal  joint  {eardo, 
C),  a  longer  se- 
cond joint  or 
shaft  {stipes,  St) 
with  an  external  scale  (sqtiama  pcdpigeru),  to  which  L-*  attached 
a  many-jointed  palp  (palpus  nutxiUaris,  Mxt.).  Two  blades,  an 
internal  and  external,  are  attached  to  the  distal  end  of  the  second 
joint  [and  known  respectively  as  laeinia  and  galea]  (lobus  externus, 
intemus,  L.  in,  L.  ex).  The  maxill»  of  the  second  pur  arise  from 
the  throat,  and  are  pai-tially  fused  together  across  the  middle  line 
so  as  to  form  the  unpaired  lower  lip  or  labium.  It  Ls  rarely  the  case 
that  all  the  parts  of  the  fii-st  maxillse  are  discernible  in  the  labium, 
the  fusion  being  generally  accompanied  by  the  reduction  and  dis- 
appearance of  certain  pai-t<!i.  Tliei'e  are,  however,  cases  in  which 
all  the  elements  of  the  first  uiaxillie  can  be  shown  to  exist  (Orihop- 


Fio.  430.— Mouth  pans  of  a  Blalta  (after  Saviiniy).  o.  Head 
■eon  from  the  front :  Oc,  ocelli ;  Mxl,  maiillnr}'  i>alp  ;  It, 
labial  palp.  6,  Upper  Up  (labnim,  Lt).  e.  Mandible  (Af(0. 
d,  ist  maxilla :  C,  Cardo ;  St,  atipea ;  X.  in,  lobui*  iuteniua ; 
X.  rx,  Lobus  externum,  e,  taA  maxUhe  or  labium  (lower 
Uii),  clearly  composed  of  two  halrea. 
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faro,  fig.   430).     While  the  labium  is  a.saa}Iy  reduced  to  a  ampl 
plate  with  two  lateral  y^ipa  {judjn  lalnales),  in  the  OrUtoptera  «« ( 
iKrtingttiih  a  imndmal  piece  {nUnnentwn),  6x»\  to  the  throiit,! 
»  Meoml  pieee,  bearing   the  two  palps   {nt«tUum),  at  the  point 
wfaieh  then  m  a  piece,  the   tongue   {glotsa)  (tig.    430,   e,  L  i*)] 
ami  MomediiieB  .<9e«ondary  pieces,  the  paryu/lotuiii;  {L.  ex).    The  <nl| 
mebtam  evidently  corresponds    to    the    fuised    basul  joints  (cMiloB 
the  mentaai  to  the  fu!«(l  hhafts  (stipes),  the  simple  or  bi£<l 
to  the  lobos  intemus,  and  the  piniglosese  to  the  lobuis  extemus  of  1 
fint  majdlliP.      Median  prujections  on  the  internal  sui-fnoe  of  Ual 
upper  and    lower  lips  are  distinguislied  hk  tjiipliart/tu:  itnd  hiqif\ 
pharynx  respectively. 

Tlie  alx)v*!  description  refers  to  in-<ctjj 
which  gnaw  or  bite  their  food.  W'lien 
food  is  fluid,  the  mouth  parts,  either  ii 
whole  or  jrnrt,  l>ei\)tue  >«  remarkahlj  moiii'- 
fied  that  it  i-equiifd  the  penetntkni  of 
Savignj'  to  estttblish  their  morphological 
relations.  The  biting  month  partn  foiuid 
in  the  onlers  of  the  Coleoptrra,  tif 
Setiroptera  und  the  Orthoptem  an  lOO* 
nearly  allie<]  to  the  uiouth  ptuts  of  the 
Ili/iimnoptera,  which  may  be  deefribed  « 
«  licking  ajijHtrntut  (fig.  431).  Tlie  uf\»i 
lip  and  niaiiililjles  agree  with  thoce  ut  tlx 
biting  apparatus,  but  the  ni&xilLe  ami 
biinu  are  more  or  less  elongate«l  nuil  il)f> 
tied,  to  aduiit  of  licking  and  .-lu-kiiut 
fluids. 

Jlouth    piirts    adnptetl    for    miciiti^ 
found  in  the  IjepiJoptera,  wlier«>  the  W 
uaxillie  are  united  to  form  a  sucking  tub 
while    the   other    parts    are    more  or 
aboi-tetl    (tig.    432).       Finiilly    the    pietxitu/   Jiiouth    part*    of 
Dipl«m  and  Khijncliota  ah*  possess  a  micking  appajntiis  whid  '• 
usually  formeil  of   the  labium  ;    bat  thei-e  are  also  siylifonn 
pons,  by  means  of  which  access  is  gained  to  the    uoumhing  fl<i 
which  is  to  be  .sucke<l  up  (tigs.  433,  434).     Tl>f.-ie  WMifwjrm  iwj  1 
fonned    by  the  mandibles,  and  also  by   tlte  nuixillai,  and  ert* 
hypopharynx  and   t'pipharynx  may  be  ' 
modifications.      Sim-f  die    pit-rciiig  I 


Fia  4S1.  — Monlli  p«ru  of 
AmOmfinra  rftum  (»fl«r 
Newport)  A,  Auteniuel 
Or,  ocelli:  .V.(,  nuiiKUblea; 
Ux,  niiixilln' ;  Mxi.  roiix- 
Ulai;  polpi  It,  ImbuU 
I«lpi  m,  glons!  Ps, 
pankf^louiF. 
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totally  aborted,  or,  at  any  rate,  become  fnnctionless,  it  is  obvious 
A, 


FU.  43a.—OT*l  appanto*  of  Batterfliw  (after  Barigsy),  a. 
Of  l^v**'  •'  ii  of  yochu.  A,  Antemue :  Oe,  eyes ;  i>, 
Wfper  lip;  Jtd,  mandible ;  Mxi,  maxillary  palp;  Xx, 
"«»<"*  (llist) ;  LI,  labial  palp,  cut  away. 


that  no  sharp  line  can  be  drawn  between 
the  piercing  and  sacking  formt<  of  oral 
apparatus  (fig.  434). 

The  next  principal  region  of  the  bod}' 
in  Insects  is  the  thorax,  which  in  con- 
nected with  the  head  by  a  blender  neck. 
It  consists  of  three  segments,  and  bears 
three  pairs  of  legs  and  usually  tw^o  pairs 
of  wings  on  the  dorsal  surface.  These 
three  segmtots,  the  prothomx,  the  meso- 
thorax  and  the  metathorax  are  rarely 
idmple  homy  rings,  but  are  usually  com- 
posed of  several  parts  united  by  sutures. 
In  each  segment  a  dorsal  plate,  lateral 
regions  and  a  ventral  plate  can  be  dis- 
tinguished. These  may  be  termed  notum, 
pleura  and  Hemum  respectively,  and 
they  may  farther  be  described,  according 
to  the  aegments  in  which  they  occur,  as 
and  meta-7totum,  and  pro-, 
'neta-ttemum.  The  lateral 
rtded  into  an  anterior  piece 
i  a  posterior  {ejnmerum), 


Fio.  433.- Month  parts  of 
Nfpa  eituiva  (alter  Ba* 
"iKoy)-  f".  Lower  lip 
(labiom)  or  r«etmm  ;  Xr, 
upper  Up;  Md,  mandible; 
Mx,  maxilla  (first). 


Fio.  431.— Month  parts  of  OtJa 
wtemonm  $  (after  Beehar). 
Zir,  Upper  lip ;  U,  lower  lip 
(proboM^);  U,  labial  palp; 
Md,  mandibles;  Mx,  maxilto 
(fiisi);  H.  bypopharynx  (pierc- 
ing weaponX 
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while  nn    the    iii<»onotniii  thci-e  is   a  median  triangiUnr   plat*  Itli 
tctUelluiii),  iitid  un  the  uietunotiun  thei-e  is  not  rarely  a  «iuiiUr  M 
sniAller  KhielJ  (the  jtotUciUrUum).     The  manner  in  H'hich  the 
regions  of  the  thorax  are  connected  with  one  iinother  \-»rie6  in  tie 
dirterent  orders.     In    tlie  Colroptera,  Xeuroptfra,  (.Mhapttra  and  i 
man}'  Rhynchota,  the  pro-thonix  is  freely  movable,  while  in  all 
caeea  it  is  a  rehitively  small  ring  and   18  fused  n-ith  the  folio 
aegmentM. 

The   three   pairH  of   legs   are  articulated  in   excAvationx  of 
chitinons   integument   of   the  ventnil    surface   between   the  •«« 
and  pleuiii.     The  numljer  and  size  of  the  joinlb  of  the  legs  : 


■^    ^ 


Fie.  43S.— Different  (oi-m  of  loga  (rigne  Rnimel).  a,  Mnmtu  witii  (imteoay  Ir^^  ^  lif  ' 
Cara^m*  lued  in  ruiititnj;;  r,  of  Aeridtmm  u«ed  in  tpriiigiii^;  J.  nf  (iritU4olft  wti 
in  digging  i  c,  swinuuiug  leg  of  Dfluetu. 

more  con.stant  in  the  Insecta  than  in  any  other  gi^'u]'  of  the  .irtli- 
ropoda,  so  that  it  is  jxjssiliU-  to  distingiiisb  tivt.-  regions  (fig.  i-Jit- 
The  ImlsiiI  joint  {coxa),  which  is  either  spherical  or  eylindrioil,  i* 
articulated  to  the  thorax  and  permits  of  free  movement  of  the  liml'- 
Tlie  co.xa  is  followed  by  a  second  very  short  ring,  constituting'  ti' 
friic/ianter,  which  is  sometimes  divided  into  two  part«  or  in  otliff 
cjLses  is  fuse<]  with  the  next  joint.  The  third  joint,  which  is>  coo- 
spicitous  on  account  of  its  size  and  strength,  is  the  longy<rin«r.  TV 
next  joint  is  the  likewiise  long  but  slender  tibia,  which  is  annal*t 
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the  point  with  niovnble  spines.  Fiiiullv  the  last  joint,  or  tarmia,  is 
lew  movalily  tu-tipiilated.  It  is  simple  only  in  rare  caises  ;  generally 
it  l<  «(nipoie<l  of  a.  numl>er  of  joints  (nsiially  five),  of  which  the 
lii^ft  is  temiinated  by  movable  claws,  and  sometimes  also  by  lobefl 
appendages. 

<Jf  ctnirse  the  spe«rial  form  of  the  legs  varies  according  to  the  mode 
of  locomotion  and  the  special  neeis  of  em-h  insect.  Legs  adapted 
for  mnning,  walking,  burrowing,  leaping,  prehension  can  be  dis- 
tingnisbed  (fig.  435).  Tlie  ajit<>rior  piir  only  is  iise<l  for  preilatoiy 
purposes,  and  in  siicli  a  leg  tlie  tibiji  and  tai-sns  ui-e  bent  l)Mckwartl 
aLgain.st  the  femur  in  the  .same  wiiy  that  the  blade  of  a  pocket-knife 
folds  back  ftgain-st  its  handle  {Mantis,  Nnpa),  The  legs  u.se«l  in 
Kpringing  are  the  jwis-terior  pair  (Acri'/iinii),  and  they  are  charac- 
t<?rise<l  by  the  powerful  femur.  Those  used  in  <ligging  are  usually 
the  anterior  ptir,  and  they  may  be  recognised  by  the  bi-o;id,  shovel- 
like tibia  (Gri/HolftljMi).  In  the  swimming  legs  all  the  parts  are  flat, 
luid  closely  l)eset  with  long  swimming  hairs  (yaueorU).  The  legs 
osed  in  walking  may  be 
(li«tinguishe<l  from  the 
orilinary  mnning  legs 
by  the  broa<l  hairy  lower 
Knrfnce  of  the  tai-sus 
(Lamia). 

Wings  are  only 
found  in  the  fnlly  de- 
veloped, sexually  adult 
animals,  which  are  re- 
latix-ely  rarely  without 
them.  They  are  attached 
to  the  dorsal  surface  of  the  meso-  and  meta-thorax,  being  articulated 
between  tlie  notum  and  pleuni.  Tlie  anterior  wings  are  attached  to 
the  meso-thorax,  and  the  posterior  wings  to  the  meta-thorax.  As 
r^gnnls  their  form  and  structure  they  are  thin,  superficially  expanded 
plates,  consisting  of  two  menihnineK  finnly  adhering  to  one  another 
and  continuously  connected  at  the  edges.  They  are  usually  delicate 
and  traiMsparent,  and  are  traversed  by  various  .strongly  chitinisetl 
liands,  the  nf.rvur'^  or  rrinn  or  rihs  (fig.  4.'iC). 

The»«  nei-vures,  which  have  a  very  definite  and  systematically 
important  course,  oon8i.st  of  canals,  placed  between  the  two  layers  of 
the  wing.  siuToande*!  by  chitin  and  containing  hlorxl,  Tif rvea  and 
etqKvially  trachfK,  the  distribution  of  which  con'esponds  with   the 


Fio.  4M.— Wins  of  Tii>ulit  (after  Pr.  Braoer).  H,  Bob- 
rofttfl ;  1 ,  Ant  lonirituilinnl  aervare  (r'mta  mttlitiOK)  [ 
2,  rwliftl  rib  (nidiaff  or  nector) :  3,  cnbital  rih ;  4,  din- 
ciidaJ  riti  (or  enbitiit»  nntictis);  6,  mibmedinn  (or  cubitnfi 
ixi9ticiw) :  0,  aruil  rib  (or  po^tcontu) ;  7.  axillnr  rib  ;  H, 
xanxguMi  cell ;  V,  vnbmarginal  cell,  i),  iliscoiibil  cell ; 
/ — r,  post-erior  marginal  cells;  VB,  anterior  baeal 
cell ;  HB,  poeterior  bniml  cell ;  AZ,  anal  cell. 
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ooui-se  of  (lie  nemires.  The  nervui'es.  therefore,  lUwwvs  stmt 
t  he  root  of  the  wing  a-s  two  or  three  principiil  .stems  »ui<l  'h-i : 
theu-  branches  more  «xspecuilly  to  the  upper  Imll.  The  fir><t  {6g.  4Si) 
of  the  luaiii  trunks  wliirh  rtlIl^  beneath  the  upper  luivr^ii  nf  ibr 
winj;  Ls  nilletl  the  conta,  ami  oftvii  endi*  in  a  honiy  diiAt^cioii.  tit 
neath  the  oostii  there  Ls  u  second  nuiin  stem,  the  rntlitu,  and  \*\eiA 
this  »  third,  the  cu/>itii«,  which  rarely  remains  simple,  but  asuaUj 
bifuiviiteK  before  the  middle  of  its  course  into  bnmche>,  which  w* 
often  further  (linde<l  wj  tlmt  a  more  or  less  complinitevi  network  i> 
formed  in  tlie  up|>er  half  of  the  wiug.  The  KpHoe>  of  thi>  nelwurk 
may  be  di.stingui.slied  lis  vutrginal  tpaees  or  rtutieJ  crilt,  and  jij  »k^- 
nwryinal  tjiiiCft  or  cuhital  celh.  Not  mrely  thei-e  may  al*o  b* 
present  one  or  more  lower  netvui-es  (unul,  axillnr  nerxniresi). 

The  form  and  structure  of  the  wings  pi«sent  vurinus  mntliticationK 
The  anterior  wings  mny  l>econie  coriaceou.s  by  the  ^ti-oiiger  i-hitiui-Atu* 
of  their  substance,  as  for  instance  in  the  Ortlmjitera  and  Rhyitdt'M : 
or,  a«  in  the  CoUopteni,  they  may  have  a  firm  homy  Btnirtw*  (Hf 
mitta  or  eli/tra),  and  lie  used  less  for  flight  than  as  a  prot«ti(«i 
of  the  book,  the  skin  of  which  is  soft.  The  anterior  vnafo  in 
the  Bhifiithota  group  of  the  Uemijitera  are  mostly  horny  and  onlj 
membranous  nt  the  tip,  wliile  the  posterior  wings  are  \u<  '■ 
When  both  jxiii-s  of  wings  are  of  a  memluunous  ntm^  ' 
sni-fiiee  is  either  thickly  covered  with  scales,  Lepidoptmi  and  fliry- 
gHtiiilif  (group  of  XeuroptTu),  or  remains  naked  and  is  mnrk^  out 
into  a  number  of  veiy  eonspicitous  spaces,  which  may  not  unfreijuentlv 
have  the  form  of  a  close  net-like  mesh-work,  as  In  the  Xmntpttrii. 
In  general  the  two  pairs  of  wings  ditfer  in  size.  Those  inserts  wLicb 
have  coriaceous  anterior  H-ings  and  half  or  whole  \Ting  coven-,  bnv 
much  larger  posterior  wings,  while  in  tlie  insects  with  membranous 
vtings  the  anterior  wings  are,  ae  a  rule,  the  larger.  In  many  of  tlif 
Nciimptera,  the  wings  are  pretty  nearly  the  Muue  size,  while  iii  Ui' 
Itijitora  the  po-stcrior  wings  are  altorted  and  reduced  to  small  knoU 
(/iiillfren).  Finally  we  find  in  all  the  onlei-s  of  insei'ts  exnniplesof  • 
complete  absence  of  wings  either  it  both  t>exes,  or  in  the  female  ^ 
alone. 

The  third  region  of  the  bo<ly,  which  contains  mast  of  the  ytp<t- 
live  organs,  aft  well  ae  the  organs  of  reproduction,  ia  the  elonostl 
and   well-segment«il    abdomen.     In   the  adnlti  a>*ct  this  region 
destitute  of  apfxindage>,  although  very  oft-en  in  larviil  life,  and  •.«• 
exception   in   the  sexually  adult  aitimal  (Japyx),  short  api>«nJ 
are  pi«aeat.     The  ubdominal  aogmeuts  are  very  detinit«ty  ivn 
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Fir.,  vn.    FoBtcrinr    end    of    XmAj    of  h    B«etl«. 
(/■(rmidnAiu  (^ )  (Hftsr  Btein).    8,  0,  Donwl  pUitfii 
H*  tt',  vemml   piatei ;    .9^  Hligmii ;   A,   iiiiii!«  j    0, 
trciiital  opeuln?. 


from  one  Hiiother  by  soft  connectinjf  membmnes.  Tliey  ai«  i-oiu- 
pO!*ed  of  riimple  dorsal  and  ventral  pliites,  wliicli  are  also  connectwl 
Ut^ndly  by  doft  meinl)i'anes.  This  slnictiut-  of  tlie  nbdomen,  wliicli 
coDtaiiiN  the  resj)initory  and  genital  orgi\ns,  peraiits  of  its  being 
dilated  and  conti^acted  (respiratory  movements,  distension  of  the 
ovary).  Verj'  often  the  jw-sterior  segments  have  a  special  stnic- 
tare,  owing  to  the  various 

appendages  which  aj-e  con-  i    *      A* 

iieot<Hl  with  the  processes 
of  copulation  and  of  depo- 
sition of  the  eggs.  The 
anus  is  usually  placed  on 
the  lant  »b<Iomiiial  ring, 
while  the  generative  open- 
ing which  is  sejmmte  from 
tb<>  anal  ajjci-ture  opens 
on  the  ventml  surface  of 
the  preceding  segment  (fig.  437).  Tenniiwl  appemlages,  such  as 
jointed  filaments,  etc.,  ai*  pre-sent  on  tlie  anal  segment.  The  aji- 
ptndicet  t/eniodft,  forming  the  genital   aniiiiture,  are,  on   tlie  con- 

tinry,  jdaced  on  the  venti-al 
sidearound  the  genital  open- 
ing. Developed  in  the  male 
as  valves  and  in  (he  female 
in  the  form  of  ovipositors, 
stings,  etc.,  they  arise  from 
the  iniagirial  discs  (growths 
of  the  hypo<lermLs),  in  the 
fli/iwtwplent  and  (hthop- 
tera  on  the  eighth  (first 
pair)  and  ninth  (second 
pair)  segments  of  the  ab- 
d.>men  (fig.  438).  The 
o\i[M>sit<>rs  of  tbt>  /Jiplffft, 
on  the  otJier  hand,  are  to 
l)e  derived  from  the  re- 
tiTictcil  |iosterior  negiiients. 
Alimentary  canal  (figs. 
439,  440}.— Tlie  mouth, 
which  i«  covere<l  bv  the  upper  lip,  usually  leads  into  a  narix)w  le^sopha- 
gnu,  into  the  anterior  porti<ju  of  which,  ilistinguisheil  a.s  the  buccal 
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Pis.  438,— «,  Rmd  end  nf  al>ilnujei)  of  »  yonuir 
fanaW  loeiuta  with  the  prulnliemnces  of  the 
onpoaiior  kkI  tbe  iinal  ■'Irlct :  '"  nuil  C,  the 
imiiiial  A&d  external  pnHnlTomncCAuf  the  ]i«Du1ti. 
aat« ;  C^,  the  »iunc  of  the  tinleijoDultunitLe  neg- 
aaat.  4,  nHtrlitlyolderBUito?.  ^,  N^mphH ;  .f ,  luinii 
wiUmial  aljle*  (after  bewlu). 
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Okfitr,  open  one  or  ■mcv 


{■ui>  of  tubdW  or  rmcetnitse  sfclivar^  ^mA 


(Sf).     In  mar  of  the  soctorial  inswts,  tb«>  etiri  of  the  rrr4>(iiuir»  I 


dilated  isto  •  Mck  with  thin  metnbcuioas  wulb  nnd  a  »tinrt  ^tIllk,>h 
■■aJTi'irf  «(oiimmA  ;  in  others  into  •  more  imifonn  tlilatnticia,  knc 
ae  the  enf>  (fi|;.  439,  Of >.   The  intcetin«  vhich  follows,  tiie  (rMipbi) 
is  touethagK  sttmk^t  moA  sonetiBMB  coOed  ;  it  varies  exreedinidj 
in  Mvottkaoe  with  the  mode  of  life.     It  is  always  at  t««$t  liivigUt 

into     a      longer 
which  18  Doncemeil  in 
gestion,  til' 
eAyiifie  rrii! 
and     a    terminal    poi 
whirh    is    coucerneH   «! 
the  ejection  of   thf 
(figs.  439,  440  >. 

Tlie  uiuuber  of  irpi 
may.  however.  1* 
In  prrJnrton*  Insrrts 
e^ieciaUy  in  the  orden  of 
C«UopUm  iu»d  yeumjimit. 
a  mii.»ticiitorj-  stomnrh  i» 
proventrjculus  (6^.  <♦". 
/*r)  is  iiuxertwl  b*l«»«> 
the  crop  and  clivlitir  »•'"■ 
tricle  ;  this  l"  of  jilolmiar' 
form,  and  lias  porafo' 
mu*«»il»r  WT»ns.  Itislui"' 
by  a  Kpeciiilly  thick  chitiu 
ous  cuticle,  which  is  l' 
with  slronft  IhuiiIn,  t>*"fli.' 
Olid  l.rL«llr>.  Tlie  rlivlino 
ventricle  aJ«o,  on  Kliirli 
esipccially  the  digwO"' 
glandiiUr  layer  is  dw^iopwl 
at  the  expense  of  the  mii- 
culHr  layer,  i*  »onirtini»j 
dirideil  inU«  nerwral 
gions.  IIS  for  esampl*  *■ 
iinine  Beetlex  the  ant' 
[Kirt  httji  «  slingg)-  ap{)eNmnce  from  the  niiinerrm><  c««r«  *' 
projivt   from   it   (fig.   44(»  Clxf),  nnd  i»  sharply  mnrknl  off  fi 
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Kio.  130.— Ditn<t>T«  npiamttu  of  Afiit  mpltf/lm 
raftrrLniii  Dnfour)  -V.  tSkUcai;  glasdk ;  Or,  tno- 
pluK^iu  with  rrr>]vU]re  dilnuitinii ;  M,  chjUftc  Tcn> 
tricia  :  Si,   \UI|iighuD  Teoels;   tt,  ncnm  with 
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the  simple  nan-ower  portion  which  follows  it.  Larger  cteca,  too, 
after  the  manner  of  hepatic  ylanda,  may  be  in!iert«d  at  the  com- 
mencement of  the  chylitic  ventricle  (Orthoptera). 

The  commencement  of  the  hind  gut  or  posterior  portion  of  the 
alimentary  canal  is  indicated  by  the  opening  of  filiform  ctvcal  tubes, 
the  Malpighian  veaaelg.  It  is  divided  into  two  or  more  rarely  three 
regions,  which  are  distinguished  as  the  small  intestine,  the  lurge 
intestine  and  the  rectum.  The  last  region  is  provided  with  a  strong 
layer  of  muscles,  and  contains  in  its  walls  four,  six  or  more  longitudinal 
ridges,  the  so-called  rectal  glawls  (fig.  439,  R).  Sometimes  two 
glands,  the  so-called  anal  glands  (G.Dr, 
Ad),  open  into  the  rectum  immediately  in 
front  of  the  anus.  Theii-  secretion,  on 
account  of  its  irritating  qualities  and  dis- 
agreeable smell,  seems  to  serve  as  a  pro- 
tection to  the  animal.  In  exceptional 
cases  the  larva  alone  takes  up  nutriment, 
the  sexually  mature  apterous  form  lieing 
without  a  month  (Ep/temera).  Finally 
the  stomach  of  the  larva  in  a  few  cases 
ends  blindly,  and  does  not  communicate 
with  the  hind  gut  (larvas  of  Hi/menoptera, 
Pupipara,  AtU-lion). 

The  Malpighian  vessels  ah-eady  men- 
tioned, which  were  formerly  eiToneousIy 
held  to  be  bile  organs,  undoubtedly  func- 
tion as  urinary  organs.  Their  contents, 
secreted  by  the  large  nucleated  cells  of 
their  walls,  are  usually  of  a  brownish 
yellow  or  white  colour,  and  consist  of  an 
aggregation  of  small  grannies  and  con- 
cretions, which,  for  the  most  part,  consist 
of  uric  acid.  Crystals  of  oxalate  of  lime 
and  taurin  have  also  been  found.  The 
numbers  and  grouping  of  tlie.se  filiform 
tabes,  which  are  usually  very  long  and  wound  i-ound  about  the  chy- 
lific  ventricle,  varies  veiy  much.  As  a  rule  there  are  four  or  six. 
or  more  rarely  eight  of  tliem  opening  into  the  intestine,  but  in  the 
Hymenoptera  and  Ortftoptera  the  number  is  much  larger;  in  the 
latter  there  may  even  be  a  common  duct  into  which  the  tubes  are 
united  {Gryllotalpa). 


Fig.  440.— AlimeDtary  canal  and 
glandolar  appendRf^es  t>f  a 
Beetle  (CambutJ  (after  L.  Du- 
fonr).  Oe,  oraophafTOB:  Jn, 
crop ;  Ptf,  proventriculus ; 
Ckd,  chyliflc  ventricle;  My, 
Malpiffhian  tubes ;  S,  rectum ; 
Adf  anal  glands  with  vesicle. 
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Amongst  the  neietorf  gland*  of  burets  the  ylandulce  oilorlfirv,  the 
ir<!ix-;//<iN</«,  tpimMtH^-iflaMls  and  poison  gland*  are  to  be  mentioned. 
Of  thewe.  the  first,  to  which  helong  the  anal  glands  which  we  hive 
alrestaly  mentioned  (fig.  440),  lie  beneath  the  covering  of  the  body 
and  secrete,  uswdlj  between  the  articnlations,  strongly  smeUing 
fiuid«.  In  the  bug*  there  is  an  unpaired  pirifoi-m  gland  in  the 
metatlnwax.  which  pours  out  its  secretion  by  an  opening  between  the 
hind  l«rs  and  gives  ri*  to  the  notorioa.s  smell.  Unicellular  cutaneoo* 
gkuHls  have  been  shewn  to  esi*t  in  different  parts  of  the  Iwdy  of 
ins«vt>.  antU  like  the  ?#bacioas  glands  of  vertebrates,  seem  to  secrete 
an  oily  Iii|uiil.  which  serves  to  lubrioite  the  joints.  Similar  glandnbr 
iul«e^  of  the  integument,  which  may  be  calletl  ■  trax-glamU.  secrete 
white  threat«L<  and  flakes,  which  cover  the  body  as  with  a  kind  of 
powxler  or  wool  (Plant  lice,  etc..  fig.  441).     SpinntHg-gl'ind*  ocrm 

exclusively  in 
larv»  and  serre 
for  the  produc- 
tion of  websjind 
cjises.  When 
these  glands 
have  the  fom 
of  two  or  more 
less>wolleuniid 
elon,ffate<l  tut'W 
(gf  r  i cteria) 
ojteiiing  Vifhinil 
the  uioutli.  they 
nwy  l>e  cfB- 
jiared  to  :i 
>j>ei'i;tl  form  of 
•^tliviin"  jflaiid. 
whioh  tf.^y  ;»I>«>  jvs«?:i;' I^  in  "L«r  <n:otHre.  The  lar\-a  of  the  ant- 
Mvvv.  hA>  ::■>  >i>i:i:--ir..s:  crsr»ii*  *:  :he  •>ri»wie  rrid  of  the  brtly:  ilif 
wh".  •  •  ::-.T-   r*vcuui.   wr-vh   >  >h:i:  oS"  frum   the  ohvlitio  vetitrioli'. 

ir.  the  female  //!//«• /..•/•''Ai, 
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ri'.e  xx'tA'ti  i;i.*r.-i-^  wiiioh  a: 
vV".>:>:  vf  :»  ■  <u;;<Ie  or  ""•rMr.ohr'i  :uS??..:he  <»muioii  duct  of  »tiiohi> 
di'-i't^-'.  :•'  tVr'.-.;  a  v<e>k"v.lAr  r^-?<rrvoir  for  the  ?«rv'Tetetl  !liii<l.  wbifli 
v.vtL«^  -t  :Vr!^o  Av-i'-.  Tr-e  ■ 
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VASCULAR — RESPIRATORY    ORGANS. 


Hiifrwjiieutly  has  ii  green  tiuge,  alwiiys  contnins  amn.'lioitl  1i|(kh1  cells 
ami  tmvel.s  iilonj;  definite  tnict.-<  of  the  hixly  cavity.    The  .siui|iiificiitiun 
of  tliH  circiifdtor;/  ajipiirtiluii,  which  is  contiufd  to  a  dorsal  ve8»sl,  is 
t'ornflateil   with  the   liclily  lininche<l  wspimtoi-y  appanitu.s,  the  air- 
coii(iitcting  trudiete,  which  ai-e  ilistiilmt<?<l  t<»  all  the  orgswis  and  cany 
oxygen  to  the  Mood.     The   heart,   which   has   tlie   foiTti  of  a  dorsal 
rtMtel  (tig.  -tli!),   mu»  in   the  tiiiildle  line  of  tlie  altdonien.  and   is 
fli\'i(le«1    l>y    transverse    coiititrictions    into   numei-ous  (up  to   eight) 
chniultei-s  coriesponding  to  the  seg- 
ments.   These  chanilKjl-s  ai-e  attache*! 
to  the  mt«?gninent  of  the  doi'sal  sur- 
f»<'«'    by    triiingrilar    muscles    (alary 
niiist'les).      During    the    diastole    of 
the    clianil>ei's    the     Idood    streams 
througl)     ns     niivny     [laired    latei-al 
^^itJ»  into  the  heart,  which  contracts 
Ifi-tdually    from    before    Uick wards 
nnil   drives   the   blood   in   the   same 
direction.      The    anterior    chamber 
i*  prolonged    uito   a   meilian   aorLa. 
which    n»ns    forwanl    to    the   head. 
From    tliis   aorta    the    blocni    Howh 
freely    into    the    liody    cavity    and 
retunu*  to  the   heart  in  four  prln- 
cipiil  streamB,  two  lateral,  one  doi-sal 
beneath   the  dorsal  vessel,  and   one 
ventral  al)ove  the  gangUonic  chain, 
gi\'ing  off  unineroua  liranches  to  the 
exti-eniities,  etc.     It  is  only  in  e.x- 
ceptional  catteA  (k.ij.,  in    the  caudal 
fihuuentH  of  the  larvw  of  Enheinera)  '"'o-  t*2.-Lun«iiu.iiimi  Mctiou  ihronjfh 

the     iKxIy    of    S/rAiitr    li-ititlri     (after 
that  arterial  vessels  are  found  paas- 

ing  out  from  the  heart. 

Respiration  is  effected  by  bi-anched 

tnuJita,  which  take  in  tlieir  supply 

of  ail-  thi'ongh  jjaired  s!it-like  open- 

iii^A.  the  stujinata.     The  latter  are 

itKUally    Mtuute<l     in     the     membrane^s   connecting    the    sterna   iind 

lerfft.  (fig.   428),   and    the  exchange   of   air   is   determined    by   the 

dUtinct    re'<pinitory   movements   of    the  til>domen.     The  n\nnl)er  of 

stigiuuUi  \6  ven"  various,  but  there  are  raivly  more  than  nine  or  fewer 


Newtmrt).  Ui.  mufllip  rurmin^  the 
prolxiAeifl;  /,  pulp;  At^  luttmun;  0#, 
imun  :  Oi,  «iilta'»opbi%RoAl  gantflloQ ; 
y,  thnnicic  imd  MlMlnriiiu&l  |fnti|;tiii; 
r.  ivsnphii^fiut -,  y,  MUCUtriHl  Hloiiioch; 
IT,  me«ent«rnti ;  Vm,  MHlpixhinn  tuben; 
H,  bean ;  <7,  t»te« ;  K,  rectum ;  At 
nniut. 
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tliim  two  fiaii-s  pi-esent.  Tliev  are  never  pi'e>ent  on  tlie  heinl  or  ow 
the  Inst  tilKlominiil  Negiuent.  They  are  least  niimei-ous  in  tbe  «<jnHtir 
larvse  of  beetles  und  Diptera,  whirb  hare  bnt  two  stiguiata  place<i  »t 
the  hind  end  of  tlie  abdomen  on  a  simple  or  forke<I  tu)>e.  lh« 
are,  however,  often  two  openings  on  tlie  tlionis  in  addition.  Son 
wuter-biigs  («.</„  X«pa  Raimtra,  etc.)  have  at  the  end  of  the 
abdomen  two  long  grooved  filaments  which  lend  at  their  lia*e  into 
two  air  cavities.  Such  water-biigs  can  bv  this  arrangement  take  tip 
»ir  like  the  Diptei-an  larvw,  by  protruding  the  respiratoi'j'  tube 
the  surface  of  the  water. 

Tlie  tracfirn-  (fig.  443),  which  ni-e  kept  open  by  the  spiral  thickening 
of   the  chitinous  membrane   lining  them",   are  always  more  or  Jrws 

perfectly  filled  with  air,  ami  on 
J/  that  niHTOunt  Imve  usually  n  salvpry 
shining  appeanince.  Tlieir  interna 
chitinous  membrane  is  producvtl 
an  outer  <lelicate  and  nncIeHtnl  cell 
layer,  and  is  thromi  otf  with  the 
external  cuticle  and  reneweil  at 
ench  moult  dui-ing  iarvnl  lifp.  The 
dilatations  which  are  not  nnfre- 
quemly  present  in  the  cour>«  of 
the  trncliete,  and  which,  in  strong 
flying  insects,  as  Itijinrmifitfm^t 
fJijttera,  etc.,  are  enlnige<l  to  fonal 
air  sacs  of  veiy  consiilerMble  oinr. 
may   with   justice   be   c^MupHrt^l    Ut, 

Fir.    443.— TnicliMl  bnincb  with  fliifr     ..    *     •  r  t  •    i        in 

iwiK.  (Bfur   Loy.iw.     z,  cciiaUr    the  air  sa4S!  of  birds.    Tliey|Ki«Newi 
extcmni  irall ;  S/..  cattcnUr  Uninjt    (lelioite  chitinous  membmue.  whicbl 

exhibits  no  tnice  of  the  .spiml  tilir^ 
They  therefore  collapse  with  great  e«we,  and  reejiiire  for  their  tilling* 
.special  i-espiratory  mo\-e«ients.  These  are  e.sjiwinlly  notiivable  in 
the  relatively  clum.sy  L<iiiirJliatnis  before  their  (light.  The  arrangr- 
ment  and  distribution  of  the  tracheal  ayatem  may  nwily  he  dewrriliMi 
by  starting  with  the  origin  of  tlie  principal  trunks  from  the  .<4i|{itwt 
Each  stigma  lesids  into  one  (or  more)  tiiu-beal  trunk,  m  hich  ■leDiis  oat 
connecting  bi-.mclies  to  the  neiglil)ouring  trunks  and  gi\-«w  oflT  •  tnft 
of  mticb  lirancherl  tulfes  to  the  ^^sceni.  As  a  nde,  tliere  aw  fonneAj 
in  this  way  two  independent  lateral  trunks,  which  comniiiniaittf 
transverse  tulies  and  give  off  numeroiLs  secondary  tnmlcs  to  thf 
internal  orgnn.s.     Tbe  finer  bi-a^cbegi  of  the  secondary  tiibea  ar»  im4j 
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only  applied  externally  to  the  viscera,  but  partially  traverse  them 
and  serve  at  the  same  time  to  support  them. 

Tracheal  gills  are  present  in  the  form  of  leaf-like  or  filiform 
appendages  on  the  body  of  the  larvoe  of  Phryganidas,  Ephetnerida; 
(fig.  444),  and  in  the  rectum  of  the  larvte  of  ^sdina  and  Libellida. 


Tk 


9jtk.  m  «,  L«rva  of  Epkemrra  with  seven  pairs  of  tracheal  frill"  J^t,  slightly  mRfn>i&e<l- 
n^  An  iaolated  tracheal  gill,  ttrouftly  magnified,  i,  Tracheal  nystem  of  an  Agrion  larva 
(rftar  L.  Dofoor) ;  Ttt,  tracheal  trunk ;  Ifn,  acoessor;  eyes. 


I  tiie  last  case  the  walls  of  the  rectum  are  very  muscular,  and 
•  OipaUe  of  regularly  pumping  in  and  out  water,  thus  giving  rise 
it  ipaii  of  respiratory  movement. 
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The  lo-culleil  fat  bodies  .>.tand  iji  the  closest  relutiou  to  ii>«pin»iii.* 
iiiul  the  nutritive  ju-oce^M^.  Tliey  lu*  fut-Uki*  i>hiiiiiig  auil  iikuaU; 
coloured,  lobed  aiid  globuhir  bodiett,  which  ure  di8tribut4«d  heoMtli 
the  skin  nnd  lietwecn  the  or^iii.s  iind  lire  ettpeoiuLly  uhiiiubuit  dnncic 
larvid  life.  Tlie  oliief  iniportjince  of  the:*  orgnns  defiends  ou  tlie  f«rt 
they  ph»y  with  refpiril  to  nietttlwlism.  Tliey  coniiiwt  c»«cntiAlly  of  ui 
oocumuliitioii  of  .su|terfluous  nutritive  uuttei-iid,  luid  seem  to  be  iii*d 
for  nourishment  iind  for  tlie  pitnluction  of  heiit,  and  esjjecjuUr  duruig 
the  de\i>lopuient  into  tlie  jierfeot  inswt  for  the  fonuntinn  nf  m* 
piirtti  of  the  body  iiud  for  the  gi-owth  of  the  genemtivo  orpuu<.  Tlie 
rich  distribution  uf  tlie  tntcheii-  to  the  fat  cells  painto  to  tlie  con- 
sumption of  II  liirjfi"  tiinonnt  of  oxj'gen.  and  pouf^Niuently  to  u 
active  metabolism,  which  i.»  further  deinon>tr«t«Hl  by  the  frtHjucnt 
depoiution  of  nitrogenous  wa«l«  material,  especiuUr  of  nric  arid. 

The  phosphorescent  orguns  of  the  Lamin/rltli'-  nnd  viiniHi> 
Kluteridte  .slmw  ii  i-j-itiiin  i-e.NfUililiince  to  fiit  IxxlieK.  These  iirg»ti> 
are  delicate  pLiteM,  which  iu  Lainpi/rU  are  present  on  the  venljil 
surface  of  sevei-al  of  the  alidouiinal  segnientK  and  couni.it  jwrtly  of 
pale  albuuiiiiou.s  celU,  ami  jmrlly  of  granular  cells,  containing'  "W 
acid  ;  richly  bianched  trHcliea'  and  ner\-es  are  diistrihute<l  iuuinip<l 
these  i-ells,  The  jude  cells  compose  the  lower  ventral  layer  of  thf 
plates,  and  it  L<  this  layer  alone  which  ix  phosphorescent.  These  cell.% 
together  with  the  tormiiuil  cells  of  the  tracheie,  which  are  always  rrn 
immerousf  are  to  be  reganled  as  the  active  elementn.  the  cheinii»l 
changes  of  which,  under  the  intlueiioe  of  oxygen,  and  to  «  oerlflin 
extent  of  the  nei'\-ous  system,  give  lise  to  the  phenomeiiou  of 
phosphorescence.  The  cells  of  the  upper  non-luminous  layer  nf  the 
])latas  contain  a  great  numl>er  of  refnictile  granules,  which,  actonl- 
uig  to  KoUiker,  consist  of  uric  a<nd  compound.s,  tlic  final  pro<luct»vf 
the  metaliolisin   which  oiuses  the  phenomenon  of  phosphoresteuiT, 

The  nervous  system  of  in»ect«  presents  a  verj'  high  developiiiAit, 
and  a  great  amount  of  vaioation  in  arrangenieiit ;  idl  t^lll^ilion> 
between  a  long  ventral  ganglionic  chain,  consisting  of  alwait  t\»eli» 
pairs  of  giuiglia,  and  u  common  thoracic  ganglionic  ninsn  are  foutul 
(figs.  77  and  78).  Tlie  brain  (supiii-ii<sophagcal  ganglion),  which  \- 
plaoed  in  the  heatl,  nttjiins  a  consid<-iiil>le  si/*.  It  pretjcut.^  seienl 
gixiupsof  swellings  ;  the«e  are  es])ecially  marked  in  the  //yr/tew^rfmi, 
which  have  the  highest  p.sychioil  develojiment.  It  givfts  origin  to  thf 
sense  nerves,  and  seems  to  lie  tlie  soit  of  the  will  and  of  the  jisyrhic«l 
acti\-ity.  Tlie  small  sul>cesophageal  ganglion  supplies  the  moiiUi 
jiarts,   and   cori-espouds  to   sex'emi   pairs  of  ganglia  fused  togethjcr 
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The  ventral  chain,  which  with  its  lateral  nerres  may  be  compai-ed 
to  the  spinal  cord  and  the  spinal  neiTCS,  pi-eser\'es  the  pidmitive 
uniform  segmentation  in  most  lai-vse,  and  is  the  least  modified  in 
insects  with  a  free  prothorax  and  long  abdomen.  In  such  insects, 
not  only  do  the  three  large  thoracic  ganglia,  which  supply  the  wings 
and  legs  with  nerves,  remam  sepai-ate,  though  certainly  they  are 
often  strengthened  by  the  anterior  abdoipinal  ganglia,  but  also  a 
larger  number  of  abdominal  ganglia.  Of  the  latter,  the  last,  which  is 
formed  by  the  fusion  of  seveiul  ganglia  and  gives  off  numeiwus  nerves 
to  the  ducts  of  the  generative  apparatus  and  to  the  rectum,  is  always 
distinguished  by  its  considerable  size.  The  gi-adually  pi-ogi-essing 
conceRtration  of  the  ventral  cord,  which  may  he  followed  out  in  the 
larval  and  pupal  development,*  Ls  ex- 
plained by  the  crowding  together  of 
the  abdominal  ganglia,  as  well  as  by 
the  fusion  of  the  thoracic  ganglia.  Of 
the  latter,  those   of    the   meso-  and 

meta-thorax  first  fuse  to  a  large  pos- 
terior thoracic  mass,  which  then  f  u.ses 

with  that  of  the  pi-othorax  to  form  a  . 

common   thoracic   mass.     When   the 

latter  is  finally  united  to  the  fused 

mass  of  the  abdominal  ganglia,  the 

highest  grade  of  concentration,  which 

is  found  in  the  IH])tera  and  Ilemij)- 

tera,  i»  reached. 

The  visceral  nervous  system  isdi\'ided 

into  the  system   of  the   cejwphageul 

nerves  and  the  true  sympathetic.     In 

the  former  we  can  distinguish  unpaired 

and  paired  (esophageal  ner\-es.  The 
unpaired  system  springs  from  the  anterior  sui-face  of  the  bi-ain  by  two 
roots,  which  unite  in  fi-ont  to  form  the  so-called  frontal  ganghon  (fig. 
445  G/r.)  In  its  further  eoui-se  on  the  doi-sal  surface  of  the  oesophagus 
it  forms  a  number  of  fine  plexuses  in  the  muscular  layer  of  that  organ 
(tig.  445).  The  paired  oesophageal  nen-es  spring  on  either  side  from 
the  posterior  surface  of  the  bi-ain,  and  swell  out  at  the  sides  of  the 
(esophagus  to  form  larger  ganglia,  which  also  supply  nerves  to  the  wall 
of  the  oesophagus.   A  system  of  pale  nerves,  first  described  by  Newport 

•  Compare  c8i>eciaUy  the  numeiims  papers  of  Ed.  Brandt,  •'  Ueber  die  meta- 
morphose des  Nervensystems." 


Pio.  415.— Cerebial  KanKliou  auil  creo- 
phageal  nerve  gani;l>a  of  Siikinx 
ii^M/rt (after  Newport).  G/i-. ,  Froutal 
ganglion ;  g',  g",  ganglia  of  the 
paired  oesophageal  nerves. 
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as  JMiTi  r^'JiplnUorli  or  lmn»ver»{,  is  to  he  repinled  iw  a  tni*  tymji 
thetip.  These  ner\'eB  arc  given  off  iieair  one  of  the  gnnglin  "( 
ventnil  olmiii  from  a  nieiliHri  nen-e  wliii-h  nins  betwt<eii  the  t« 
ventral  nerve  coitls  hna  a  i-fwt  in  the  ganglion,  and  Kometiui(«  fnn 
a  -iniall  Hjiufxitlietic  giinglion.  After  their  sepimtion  tliey  auiiin  foi 
latei-al  ganglia,  the  nerves  of  which  pass  into  the  lut^^ra)  nerv«s  I 
aft^ei-wanls  separate  again  fixiiu  the  latter,  anrl  after  forming  |ilem<l 
supply  the  tfach«il  triuiks  and  mu.scles  of  the  stigniatii. 

Of  the  Sense  organs,  the  et/«s*  attMn  the  highest  grade  uf  fn- 
fection.  Tlie  unii-ornejil  ocelli  are  prim'i|.>all_v  present  in  "Iar\Til  life, 
hut  two  or  three  of  them  lu-e  often  present  on  the  top  of  the  b«id'i 
fullj-developed  insect*  (fig.  87).  The  facetted  eyas  are  pUwl  i 
the  sides  of  the  hetid,  and  ai-e  found  in  the  fiillj 
developed  insect  (fig.  85). 

Auditory  vesicles  with  otoliths  have  not  l*«i 
covered  in  insects.  Since,  however,  the  ca|»iCTVv  i 
]>eireiving  sound  can  scaix-ely  lie  ilouhled  foriiiuiiCMH 
insects,  luid  e»»pecially  for  tliose  which  are  capaUe  'if 
proihicing  sound,  we  are  foi"ced  to  presiipjKV* 
Ty  existence  of  ^WIue  organ  for  the  perception  uf  <<'iitiJ 
In  fact,  in  the  siirlnging  OrthopUrn  appRn>tu:<ei 
1)6  pointed  to  whicli  proK-ibly  serve  as  acoustic  or).'* 
for  the  peiveption  of  sound  waves.  In  the  Acri'fi 
these  ai-e  phu'e<l  at  the  sides  of  the  fiixt  nlxioiuiiial 
segment  close  behind  the  nietathorax  (tig.  i)G,  A),  i 
the  (xi'ylloika!  and  Locutilidtt  in  the  tilnir  of 
anterior  legs,  just  hnieath  the  articnintioii  uf  tli 
femoiii  (tig.   446).     In  this  region  a  Irachenl  ti"» 


Fio.  MH.       Tibin 
nt  the  aiiteri"! 

leg     nf     LfMmafa 

iriruiiMnma  (ufi«r  dilates  between  two  lateral  membraneiA  no  u  to  foi 

V.Gmlwr).    7>, 


t>-T2i)iiiuic  inem' 


';  a  vesicle,  on  which  are  spre:td  (nit  the  end  c«>lls  pfl 

)ir»newiiliopcr-   vided  with  so-called  nerve  i-ods,  of  a  ner\-e  sprin^m 

'"'"""  from  the  first  thoracic  ganglion  (tig.  447).    Pwnilil 

sense  organs  have  also  lieen   discoveitil   in   the  posterior  wiii/r* ' 

beetles  and  in  the  halteres  of  flies. 

Shining  nerve  ro<l8  have  been  found  by  LeyJig  in  the  ncnt*  i 

•  Coinpaix.'  esiiecittUy  Leydig,  •'Ziira  feineioii    Bnu  iJcr  .Vnlii 
Ot-niclis-Hnd  tiehiiruijfiinediT  Krebsc  aud  Iri»e».'ton."     .VoUer't  ,{■■ 
IKf.n. 

U.    itreaachcr.    "  Untersuchangen  Ubcr   ilas   Keboiyan  det  .irlhTop 
Gottingeu,  1k7!i. 

Alio  V.  tlmlxT,  "Die  t^napaiialcn  SuiaeM-rgnne  dir  Ortbnpicnm.*    *" 
187B. 
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e  anteniiie,  the  pulps,  and  legs,  under  foiiditions  which  render  it 
pocisible  that  these  nerves  have  the  value  of  tactUe  nei-\-es,  and  this  is 
the  more  proVuible  .since  the  xewn;  of  toncJi  i^  princii>iilly  di.'chiirftt'd  by 
the  iiijtenniE  and  the  pilps  of  the  oitil  appariitaii,  as  well  a»  by  the 
tarsatl  joints  of  the  legs. 

Olfactory  orgfans  ai-e  very  genemlly  distributed,  as  might  have 
been  expecto<l  from  the  develojK^d  iiipaliility  of  ti'ackuig  which  many 
insects  possess.  It  may  be  regarded  as  fairly  certain  that  tlie 
^iirfai-e  of  the  antenn*  is  the  seat  of  the  olfactory  sense.  Foniierly, 
in  acconlance  with  the  views  of  Erichson,  the  inimer<ms  pits  which 
found,  for  instance,  on  the  leaf-shape<l  antennte  of  the  LamiUi- 
cornltt,  were  interpreted  as  olfac- 
toi-y  pits ;  but  it  is  more  correct  to 
t^giird  with  Leydig  the  peculiar 
ivines  and  knobs  of  tlie  antennas 
which  are  connecte<l  with  gangliated 
nerve  endings  as  olfactory  organs. 

Tlie  reproduction  of  insects  is 
principally  .-.exnal.  The  male  and 
female  geiien\tive  organs  aie  always 
hiced  in  diHei-ent  individual.< ;  but 
ey  correspond  in  their  portion  ajid 
ports,  and  in  their  opnning  on  the 
ventnil  siu-face  of  the  hind  end  of  "*■ 

.e  bo«ly.     The   testes  and   ovaries 
we  j)rovided  with   paij'cd  ducts,  end- 
ing in  an  unpaii-ed  portiuti  (tig.  Dl). 
i6  tiiiit  rudiments  of  the   genital 
irgnns    may    be    tnwed     kick    to    a    Fir..  nr.-Ai>ortinii(if  ihcnen-e  tcnninn- 

yery   airlv  stage  of  the   enilMVonic      ','"''  '"  ^''r,"'" v"T.''T  "\  ^"''"  ""■ 
t       •  •  ^  •  i/ianimi   (utter    V.   lirnluT).     N,  starve ; 

velopment.  Their  development,  Os,  mirigiion  ceii»j  si,  ro(i»  in  the 
lowever,   is  <mly  completetl    m   the 

test  period  of  larval  life,  ur  in  insects  with  complete  metaniejiphosis 
during  the  pupal  stage.  In  nu*  cases  the  fvill  development  and 
niatuiity  of  the  sexual  organs  is  never  coniplete<l,  as  in  the  so-calleU 
sexleKs  Ili/meiwplt'ra  (woi-king  bees,  ants)  and  termites,  wliich  ai-e 
iuMquilile  of  i-ej)n«luction. 

The  males  and  females  are  distinguished  by  moi-e  or  less  important 

ternal  differences  in  various  parts  fif  the  liody ;  sometimes  these 
diflerenoes  lead  to  a  marked  sextial  dinior]iliism,  The  males  ai-e 
)ilmo.st  always  moi"e  slenderly  formed,  and  are  cajwlJe  of  (juicker  und 
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easier   movement.     They  luave  lai-ger  eye.-i  anil  antenna-,  autl   thcil 
ooloui's  tire  brighter  and  more  striking.     When  thei-e  is  n  pronounc 
dimorjihLsni  the  femnle*  are  ajiteiim^,  and  their  form  .-iiipru.Kiumt*; 
that  of  tlie  larvu  (Coocida:,  Psi/chida,  Ji'trepgiptcra,  /Minpi/rit), 
the  mules  are  provided  with  wingK. 

Tlie  femiile  generative  organs  ai-e  compo.-<e<l  of  [Miired  ovarie*  and 
(iviilnots,  the  nnptiii'ed  conduct,  the  vagina  and  tlie  external  geiiitn 
apparatus.      The  o>-Hries  nre  elongated    tul)6(>,  ui   which    the 
originate.     The  ova  lie  one  l>ehiud  another  in  a  Mngle  idw   like 
string  of  pearls,  iiierei\Ning  in  size  fi-om  the  blind  end  to  the  o{K-niu^ 

into  the  oviducUi(fig.  91,  a). ' 
arrangement  of  these  o^iiriM 
tulH?.s  pref*n(«  extruordinjir 
v&ri»tiouH,  and  there  thui  ori- 
ginates a  great  biimltcr  of  dif- 
ferent forms  of  o*iir>",  which 
have  been  descril)ed  j»rincipiill_v 
in  the  beetles  by  Stein.  Th*, 
number  of  the  ovurian  tulx 
also  \-arie»  esceetlingly,  l>einf 
least  in  some  Hlii/ndiolo,  ami 
then  in  the  bntterflie»,  the 
latter  ha\ing  on  each  siile  oulj 
foui-  very  long  ovarian  lul 
which  are  many  times  fulij 
(fig.  448).  At  their  lower  Mid 
the  omrian  tulies  on  either! 
open  into  the  dilate*!  commen 
ment  of  the  ouduct,  which  jiHH 
with  that  of  the  other  fit\e 
torva  a  median  oviduct.  The 
lower  end  of  the  Utter  rvpr*- 
hent.H  the  xniyirut.  and  oft«n 
receives,  near  the  genital  aj>erture,  the  duct.-s  of  »i)eciftl  cement  uid 
selBiceoiis  glan<ls  (i/lnyutn/ft  geliticece).  the  secretion  of  which  is  uied 
surround  and  fiusten  the  eggs  which  ai-c  alxint  to  lie  Uid.  it 
addition  to  these  glands,  the  \nii>aii-e<l  efterent  duct,  of  the  grail* 
apparatus  is  very  commonly  furnushe<l  with  one  or  never*!  ummIIt'' 
stalked  recephtctila  sentiiits  (tig.  449),  in  which  the  t«iii«u,  olten 
intro<laced  iji  the  form  of  Kjiirrniiiluphiire^,  retains  its  fertilixiiif 
proi)^!!^^   for    a    long  time,  sometimes    for    y«ii->..    titid»T    the 


Fin.  4^*^.— KeliiHio  huxuhI  nriTnus  uf  T'un^m 
nrtictr  (iiOer  Stc'in).  Ov,  The  ovHriiiti  tultvt* 
cut  off ;  Be,  rcoeptaculuni  ftCmiiitK  iinil 
■irroMnry  Kl»n'1t':  •'".  vniflnn :  JBc,  liuiw 
co|ml»trix  «riib  rltict  Icn'lin^'  \n  Uio  nviiliiot ; 
Dr,  j^UiKhiiiu' tijipL*ii(lH|;e ;  Dr',  ifliiuiUllii> 
Mtmceir  ;  H,  rocttim. 
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fluence  of  the  secretion  of  an  awessory  gland.  Beneath  the  recepta- 
cuhim  iseminM,  a  large  pouch-like  diverticulum,  the  btiraa  copukitrix, 
which  assumes  the  function  of  the  vagina,  is  sometimes  separated 
from  the  \'agina.  In  the  butterflies  (fig.  448)  a  narrow  duct  serves 
to  convey  the  sperm  from  this  bursa,  which 
.opens  separately,  to  the  receptaculiim. 

The  male  generative  organs  consist  of 
paired  testes  and  their  vasa  deferentia,  of 
a  common  ductus  ejaculatorius  and  of  the 
external  copulatory  organ  (fig.  450).  The 
testes  are  long  blind  tubes,  which  are  present 
either  singly  or  in  number  on  either  side, 
and  are  often  coiled  together  so  as  to  form  a 
seemingly  compact  brightly-coloure<l  botly. 
They  may  also  be  united  to  form  an  unpaired 
organ  in  the  middle  line.  The  testicular 
tubes  are  prolonged  on  either  side  into  a 
usually  coiled  efferent  duct  or  vas  deferens, 
the  lower  end  of  which  dilates  considembly, 
and  may  even  swell  out  to  the  foi-m  of  a 
vesicle  (vesicnla  seminalis).  At  the  point 
where  the  two  vasa  deferentia  join  to  form  the  muscular  ductus 
ejaculatorius,  one  or  more  gkndular  tubes  often  pour  theii-  coagxilable 
secretion  into  the  latter;    the  -secretion   serving  to  form   a  case 

The  transference  of  the  .spermato- 


Fin.  MB.— Termiuftl  region  of 
the  female  generative  organa 
of  MttMM  domfgtica  (after 
Stein).  Oil.  Oviduct,  Re,  the 
three  receptaeiUa  eeminis ; 
Dr,  glandular  appendages 
of  the  vagina;  Bl,  blind 
sac-like  appendage. 


round  the  balls  of  spermatozoa. 


phores  into  the  body  of  the  female 
is  effected  by  a  homy  tube  or 
gi-oove  which  .sun-ounds  the  end 
of  the  ductus  ejaculatorius.  This 
tube,  when  not  in  use,  usually  lies 
retracted  in  the  abdomen,  and 
when  protruded  is  surroundetl  by 
external  organs  for  attachment 
(valves  or  pincers),  a.s  by  a  sheath. 
In  exceptional  cases  {LiheUula)  the 
copulatory  apparatus  which  ser\'es 
to  transfer  the  sperm  is  remote 
from  the  generative  opening,  as  in 
the  male  spiders,  being  placed  on 
the  ventral  side  of  the  enlarged  second  abdominal  .segment. 

Abno.st  all  insects  are  oviparous,  and  only  a  few,  as  the  Tacliino'., 


Tva.  4C0. Hale  generative  organs  of  the 

Coclcchafer ;  (after  Gegenbaur).  T,  Tee- 
tWi  Vi,  dilated  portion  of  the  seminal 
duct;  Dr  coiled  accessory  gland. 
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M)iuo  of  the  f£»triil/i'  atiil  (if  the  Pupi}>tira.  are  \n\nparous  A>  t 
nil»>,  the  ejfgs  iu«  laid  Khortlv  after  fertilization,  and  before  the 
(■oinuieuoeiuent  of  the  ilerelopment  of  the  embryo.  In  nie  cms 
th<>  embryo  is  already  formed  when  the  egg  is  laid.  In  the  la.4  (*# 
tlie  M>pnontation  and  formation  of  the  embryo  take  p\ace  in  thengiia 
(ti^.  4.')!).  The  fertilization  of  the  egg  usnally  takes  place  during 
itK  ]>its.sage  through  the  ondnct,  at  the  place  where  the  rtceptaadum 
Kr'Minif«  o]iens.  Since  the  eggs  l>ecome  invested  with  their  ^esi^t»nt 
c'loriiiii  in  the  ovarian  tnl>es.  from  the  epithelial  cells  of  which  thw 
originate  for  the  m<»st  jiart  during  the  larval  life,  it  i»  necesaur 
that  tliere  siiould  lie  special  arrangements  which  render  possible  the 
ontrv  of  tlios|tennatozoH  and  the  fertilization  of  the  ovum.  For  this 
olijtvt  theiv  exist  on  the  upper  jwle  of  the  egg  (the  pole  turned 
towjuxls  the  egg-tul»es  during  the  passage  of  the  egg)  one  or  more 

pores  known  as  inieri>i>i/h*,* 
which  pierce  the  chorion 
and  pi-eseut  a  chaTttcteri.-itic 
form  and  arraikgement  {if. 
452). 

The  ova  originate  in  the 

narrow  terminal  portion  of 

the     egg- tubes,     which    t 

.ftheviviiwmuii     often  prolonge«l  into  a  thin 

.r  K.  i-Huk.rt).     thread.     Hei-e   the  ptmtli 

:v,.  inr.;»    •..,  m:.k- iM.-' I'jo  iitcni!" ;     of  the  egg-tul>e  tak(^  JuaiV- 

'  as  well  as  tlie  diflei'eiitijiti"U 

;;om>  iv.to  oj;!r  vvll>  and  ovjirian  epitlieliuni.     The  mTtiwii 

i.",v,>-»-   v\>r.t!i:non-lx     in   diameter   towanlx  the   oviilmt.  in 

,.'io!,vV  w;!!;  :l;o  ai"!<du;>l  inoi-eei.-*'  of  size  undergone  liy  the 

>>!•,  .i^v  ;ivr»v.v'v\l  ono  t>elund  another  in  its  lumen.    E:u'li 

•.i<:<'^   ;*    o:..«v.:":<<i-.  and  obtains  an  external    resistant  nieni- 

•  ,  wi.-.v-i.  i-  >»v;vt«>l  by  the  epithelium  which  line^  the 

V.o  v';,.^i -..v,  >":..^\v>   in    it>  external    markings  the  |Wii- 

-:  :':.o  o'.>.;;':.o>.-,-.'.v.  ::•>■>'.«  vhioh  it  wjis  fonne»l. 

^  .y.-.N  ;\-.v,  »':.v';.  i>  touv.d  in  PvUjt  and  in  many  of  the 

•    ,.■■.,■,      —         •  .  ::.<".v  i^  :•  ^<\^■>nd  tyj>e  of  ovarian  tulie, 

v'  .v!.  v.N-v..  ;..!-  r.;^;   'a  .1  n-.ore  ivmplii"at«l  structuiv  of  ''»' 

,.■.■.■.. v-:^       r..-.    '.•.'...«"..  o:    <50!.  OiX-tuU'^  encloses  aliove  flie 


,..!-■>  (af' 


u,- 


uv.i!  I'.iv.  foim-ren  H*"  ■'''' 
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ovaui  »  sinfclv  (AVir<o»l>i),  or  «  nnmher  of  volk-fivmin^  wlfc-  (»«*»»■ 
tirv  ceJLs).  k>  that  we  otu  liistiuguisli  in  the  e^-tube  alteniaM  yalk 
unH  jrertu  o.itiipnrtnienr«  (tip.  453.  n  ami  /i).  In  mre  c»ui>ee>  (.4^mIm> 
tli>"iv  io  at  tlie  wid  of  each  eg^-tuW  ii  common  Urger  chamber  of  roik 
«11«.  whirh  are  ronnecteai  with  the  egg-cluuuJ>ers  br  meami  uf  "  j-olk- 

ParthenogeBMis  and  Heterog^amy. — In  certain  insect»,  putliMMv- 

genesis,  i'^.^  spontaneuus  development  of  iinfertilL«e«l  on».  has  htmx 

iihown   to   ohtaiii  :    tbl*    occtirs    in    the 

_/Vj/cAif/<»  (Pttjckr).  Tinfidtr  {SiJfnMa). 

fOedtUe     {Lroinium.     AipiiHattu)     ami 

.,hm»f» ;    hIso  iji   numei'ou>  Hitmrnop- 

tni,  <?»<pe<nally  in  /?<«•*,  W'fuffts,  C^uipidtr, 

inii   Tmlhrfilinidn-  (^Vrmo/lM).     In   the 

lifmrnopUm    which    li\-e    together    in 

llie  sn-uilled  nniuml  comniiinities,  im»Ie 

orm.s  only  are  prodtu'ed  from  the  unfer- 

•d  ov:i  {arrrulnkin).     f'/irriiiesi  llHbl"d> 

example  of  Heterogamy,  in  that  two 
Jiffei'eot  onparou.-s  genemtions  follow 
Bie  unother ;  a  Hiender  and  winge<l 
timmer  generation,  and  an  aptei-ous 
'genenitiou  which  is  found  in  iititunin 
nnd  >priiig  and  lives  thi-ough  the  winter: 
the  male!<  are.  in  mo8t  cases,  not  yet 
knowii.  The  closely-allied  A)>hide.s(plant- 
lioe').  which  wei-e  formerly  stip|>ased  to 
pn.«sent  the  phenomenon  of  an  a  1  tenia- 
tiun  of  genemtioiis,  l>ehave  in  a  similar 
Uianiier.  In  tlioiii  the  stminier  genoni- 
tions  are  very  iiuuieroii.s,  and  ai-e  siic- 
ror>led  liy  a  sexnHlly-develo]>e<l  nntuinu 
generation,  which  includes  winged  uialett 
a->  well  us  the  ovijxii-ous  and  often  ap- 
teniiw  females  (fig.  \>~,  ».  ft).  In  the 
kpring,  vivijHii-oua  Aphides  aiv  develope<l 
fivm  the  feHili/,e<l  eggs.  These  are  mostly  winged  (fig.  ?>'.•),  ami  in 
tlu'ii*  org»nis:ition  clasely  resemble  true  females.  Their  i-epnnluc- 
lir»  organs  ai-e,  however,  diHei'ently  con»lructe<l,  and  «!«  without 
■'  i-iveptacnluin  .semini.s.  .Since  they  never  copiilutc.  they  have 
:i   U-eii  regiiiilcd   jis  u.sexual   fonns  providetl    with    germ    lul»ei«. 


1...  i.v> -MiopopylM  («i)  "f  III*** 
cKin  (Kftvr  R  l^iwkiirt).  «, 
npiK?r  jutrt  uf  tbt*  ii|tic-»tt»U  nt 
^iM/AoMfiif;  t),  CKK  (it  DnmfftMtti 
nllm-u,  0,  sUlkivl  Olllt  »r  P-«''^-> 
lf§tiie*VM. 
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The  gerai  iippanitus,  however,  of  the  so-0!ille<]  Ajjliide  au-vaii 
genemtion  not  only  has  n  vt-n-  p>eiit  resenililnnce  to  the  fcmiile 
generative  apparatus  of  insects,  but  tlie  strnctiu-e  and  inoiipof  nripn 
of  tlie  genu  seems  to  ngi-eo  so  I'losely  with  that  of  the  ontni  thut 
the  viviparous  Apiiideci  luuKt  l»e  oJiiaileiv^l  a»  »  jieciiliarh'  oripwiwi 
generation  of  feniult<s,  the  genitnl  nppHratns  of  wliich  hit*  niuierpnw 
some  simplilimtions  Hdnpte<l  to  piirlhenogt-nesis.  However  timt  nut 
1)6,  it  ^^^ll  lie  convenient  in  IhLs  cjij*  to  call  tlie  otniiy  tlie  /iitfvthirafj, 
and  the  ovn  which  originnte  in  it  iind  are  inaipuble  of  fertilintioo, 
the  paeutltivtt.     From  tliis  jKiint  of  view  the  repi-aluL'tiou  of  ■"mil 


*«fc  US.—",  KiiHf  t""^"  o'  Forfimln.    .Vr,  Xutnuve  cnllji ;  Ex.  ovum  j   OS.  f |iithc4iii 
Wkll  of  the  eg^  tul>«.    i,  Mwliiui  pwrt  lit  llis  e^K  tube  or  n  Motb.      A;,  untnOv«l 
the  yolk-chttmtier;  JEf,  <'viiiii  in  Uio  pcnn-ohnuiber ;   //,  coimccurr  Li»»ne  inv< 
m-nUi-d  sero»a.   e,  V.gft-U\\x  n(  A/iHt yhilnHitiiln  with  tbrce  OTiuiau  dtiuDtirT*(i 
uid  the  termiiifil  Dukritivc  chnmber  with  it«  c«ilfi  JVj.    Gt,  ynlk  oonl. 

DIpUra  (Ceci<lomi/iit,  ifia^or.  fig.  100),  which  am  i-eproduce 
selves  while  still  in  the  larval  sUige,  nmy  lie  explaintMl. 

The  development  of  the  embryo  tiikes  pluee  us  a  nile  ont-aJe  the 
l.o«ly  of  the  motiier,  and  occupies  n  longer  or  shorter  j)eriod  nf  liw, 
accoiNling  to  the  temperature  and  the  time  of  the  yetu-.  The  wixtiO'  | 
le<')tliul  seguientation  leads  to  the  fonnation  of  a Kuiiertioial  MaModfrin, 
whicli  sunxninds  the  oviiui,  and  always  consist*  of  a  single  lavrrof 
cells.  A  part  of  this  blftstoilerni,  on  that  side  of  the  ovum  whieli  th*  I 
latei-    hi(«toiy  Khows  to  be  ventntl,  l)econie8  thickened  »nd  slmrph 
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'  from  the  rest,  and  forms  the  structni-e  known  us  the 
central  plat';,  wliich  constitutes  tlie  tii-st  nulinieiit  of  the  head  and 
iitra]  half  of  tlie  embrvo. 

In  nwmy  cases  (Khi/ncfwta  Lihdlidti)  the  ventml  plate  gi-ow-s  out 

am  a  hill-like  thickening;  of  the  bIusto<lerm  {fig.  454)   into   the 

itwor  of  the  yolk,  so  that  im  internal  ventm!  plate  arises,  in  the 

n-mation   of   which   a   portion,   though  a  small  one.  of  the  external 

blastoderm  piirf.icii>ates.      The  ventral  tliickening,  which  gives  riiie  to 

be  ventral   plate,   is  reiused   liy   long   columnar  cells,  and  Ls  at  tii-st 

nfine<l  to  a  small  jKirtion  of  the  egg  ;  in  Hylropliihui  the  posterior 

Dd  (fig.  456,  a).     Inasmuch  as  its  Literal  edges  l^ecome  elevated 


B.  *M.— Knihrynnic  rlCTcIojimcnt  of  Calojitrryt  rhgo {titU^T  Al.  Bmndt).  a,  Cnmnienrini; 
iOvolatloD  of  thr  vcntnil  plaie.  The  bIjMstodcnn  wiM  at  Drat  one-lHycrol  and  thickened  at 
pole*.  ^/,  01])^  of  vpTitral  plate,  b.  Later  utatfo  of  the  involution,  r.  The  embryonic 
ihimooK  aro  developcl ;  />/>,  parietal  (seroBa);  £r,  %-iaceral  (nnmion)  Uyer  of  the  latter. 
J^nie  apiieiiilaKoa  have  pproutcil  out  on  the  ventral  plate.  A,  Ant«una  ;  UJ,  mandible ; 
Jtfx',  flrat  tnaxitla ;  Us,  iMK-trnd  maxilla  Oal'ium  or  lower  lip).  Then  follow  three  patm  of 
Uk*.  r.  BrerKion  of  the  embryo  which  is  protmdcil  from  the  nbcHth  of  the  Finceral  layer. 
4,  Completion  of  the  Inveralon ;  the  hind  end  of  the  body  la  free ;  the  yolk  oac  t*  on  the 
dona)  (nrflue. 

and  grow  towards  one  another  (fig.  455,  h,  e),  the  thickened  ventral 

plat«  first  assumes  the  fonii  of  a  groove,  and  then,  after  the  fusion  of 

he  lateral   edgeti,    l)ecomes  a  otiial,   the    lumen   of    which    is    soon 

ilitenitetl.     Tlie  roof  only  of  thiK  cunal  con«ispon(U<  to  the  epildiiKt, 

bite  the  ceUs  of  it«  floor  and  its  sides  give  rise  to  the  fii-st  rudiment 

the  inerioblast.     At  tlie  eilge  of  the  so-calle<l  venti-al  plate,  fre«h 

36 
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folds  are  then  fonneil  ;    these  lead  to  the  formation  of  the  enihryonjc 
meuibranes,   which  ui'e  so  chamcteiistic  of  iDM?ct  de\elopmeiit.    k 


Fi«.  165.— Development  of  tho  emhryo  o(  H^iimjtkitm  }*Jrr««  (after  Kow&lev*la). 
liko  rrntral  plate  with  mt^ed  c<1f?08.    h,  Tho  e^lffur*  are  alteady  irrovrtut;  i 
tniiMlo.     e.  The  frroovu   Ia  almoist  entirely  clnncfl.     J,  The  iwU  f<>M  of  th*  I 
memlimneB  Iiha  grown  over  ilie  posterior  pml  uf  the  closed  ^rrvM^re  UMl  if  | 
t^xti'iuUug  forwnnl ;  Am,  Amnion.     *•,  The  t-mV^rj-onie  meiohmne*  hiiTV  i 
HTown  over  the  enibrjT>.  /.TheOTnbri*omcnnluuentI>cnn»ththarotoiilf*«lv  Ho 
ttruQsa ;  with  •eTeoteen priinitive  aefftnent^ :  £7,  Prooephalic  lobea.    i 
veutnUpUUecitciTnUalouKUie  whole  lenffth  of  the  vwitml  •urfm^.  T 
UpreMDt,  BiaotbeuitcuDn\  (.4)  the  jnnr<<,  unit  theflratni  : 
Appesidftffes  mro  present  mi  the  aeveuih  seirmeni  tka  ji 
netrmentH  there  are  munrl  inMi^iintiifn:),  ihe  rtrat  n 
liMiKitiiillnnl  ^>i)ve  from  mouth  lo  anu».    *.  The  ventiM 
♦.urfni-o  of  the  o^-um ;  the  oiWDinur*  of  the  invagination >  . 
rudiraentAry  extremities  ure  iiUn  present  ou  the  firtt  ntHluiuiiml  <-c«(itit-it(. 
nf  the  %'entPiil  chain  have  Bi»i>oaro«l.     i,  Viewed  froTii  the  diir^nl  «tu<i«ce  lli#  m<-t*l^ 
dontal  plate  hai«  el(«eil  up  to  u  tulie ;  Or  U  itK  opening,    i.  Tht*  cmlirjv  iu>*  '*'*** 
hatching  «eeu  tmni  tlie  vrntral  *ide. 

Hydrophilits  these  folih^  grow  together  over  the  \-eDtiul  \Ai%Xe  fntn 
behind  forwAHs,  nnd  fuse  with  one  nnother,  >«  as  to  |p\T  H^  ^ 


.^holf  wan*' 
The  liw^ 
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«Ytemal  and  internal  meinbnine.  tlie  foi-mer  1m?ui)l;  eiilled  the  sei-ous 
uieiiilinme,  and   the  hitter  tlie  iimnioti   (fig.  455,  d,  e). 

Simult^meously    witli    the    ttlx)ve-nientioiied    nppeHranee    of    the 

euibjiines  (in   otlier  aises  at  an  earlier  stage  of  dexelopment)  the 

•entral    plate   l>eoonies   divided    into    two   symnjetrical    halves,    the 

rfrinimU  baiu/n,  which  become  di\id«l  by  tninsverr*  eoiisti-ictions  into 

giuent«  (up  to  17).     First  of  all   three  Cfp/uiJic  netjm>nilii,  on  whicL 

le  oral  appendages  are  8nl)«e(|«ently  developed,  make  their  apjtear- 

liehind  the  procephaJic  lob)e«,  which  bear  the  fii'st  nidimeuts  of 

e   anteniiw.       Behind    thase    the    I'est    of    the  priiutlire.  seymtnis 

Iniuoblfutic  muaitu)  are  siiecessively  marked  ofl". 

IniLsniuch  as  the  ^eruiiuiil  barirls  become  sti^ongly  <'(intnu'ted,  their 

dorsally  l»ent  nunul,  tei-uiuiul  poi-timi  liecomes  dniwii  nioi-e  mid  moiv 

wai^  the  lower  part  of  the  egg,  while  their  lateral  jMirts  gradually 

iw    i-oiind   the    yolk    to    fonn   the   dorsal  surface  of  the  embr}-o 

'.    455,  /,  y,  /().      With    the.se  changes  the  ^lody  of   the  embryo 

a^ume<i  a  closed  form  ;  it  now  possesses  mouth  and  anus,  the 

rudiments    of    the    intei-nul 

giin.s   and    the    external    iippeii- 

of  the  segments,  ami  is  soon 

y  to  escai)e  fi-om  the  egg  and 

igin  its  indejjendent  life. 

In   Hi/drop/iihiM  aii<l   the    Phvi/- 

luilf,     peculiar     ilifFereutiatioiis 

.ppeftr  on  the  elorsal  surface,  giving  lise  to  a  dorsal  plate,  which  later 

l>ecomes  foltted,  so  us  tn  fonn  a  dorsal  caniil  (tig.  455,  »). 

The  post-embryonic  development  takes  place,  as  a  rule,  by  means 

metamorphosis,  the  form,  organization  and  mode  of  life  of  the 

ing    animal,    after    hatching,    lieing    different    fi-om    tliat   of   the 

xunlly   adult  animal.      It   is   only   in    the   lowe-st  forms,  the  jtartly 

.raaitic  Aptem,  both  sexes  of   which  ai*  without  wings,  that  the 

young  leave  the  egg  as  {>erfect  animals  [/luiecta  ametabola). 

In  those  insects  which  puss  thniugh  a  metamorphosis,  the  manner 
and  degi-ee  of  the  ti-aiisfoi'ination  differs  greatly,  so  that  the  dis- 
tinction of  a  complete  ami  an  iivcouij>lete  met«moi-])hosis,  whicli  was 
foiTuerly  employed,  seems  tn  be  in  a  certnin  degi'oe  ju,><titie<l. 

In  the  case  of  the  incomplete  metaiii(>rpho.'<is(yi'/;i/;icy/'i/rt,  Orlhopt-era) 
he  development  of  tlie  hiixa  into  the  perfect  winged  insect  prenentc 
u  number  of  stages,  during  which  the  lai-wi  is  cafiahle  of  fi'ee  locomo- 
tion and  of  nourishing  itself.  During  these  stiige.s,  which  are  marked 
by  successive  ccfly.-es,  it  gradually  iUNpiii'es  wings  and  incneiuse-s  ui  size. 


Fio.  156,— .^En^imi  iHn'rt  with  rudiraentHr>' 
win^  and  uidaIc. 


the  rudiments  of  the  generative  or]G;iuis  are  further  developed,  nod  H 
becomes  more  and  more  like  the  wiiigetl  insect.  In  the  siiupleid  owi 
the  iuo<le  of  life  und  the  organiziition  of  the  young  liirva.-  v\o>*\j 
resemble  those  of  the  sexually  adult  animal,  as  for  instnuc^  in  (bt 
Heinif)t«r<t  and  OriJioplera  (jeiiuina,  but  in  other  Muies  the  adult  Mid 
larva  may  differ  considerably,  although  not  so  much  so  as  in  iiu«U 
with  complete  meti»morphoKis ;  for  instance,  the  lar^n;  of  the 
Ephemeridas  and  the  Libellulidae  live  in  another  milium  and  iinmu* 
in  size  under  tliffei-ent  conditions  of  nourislunent  (tig.  456). 

The  metamorphosLs  is  only  said  to  be  eninplrie  in  those  forms  in 
rt'hich  the  lar^Ti  passes  through  a  qiiieHoeui  stage,  in  which  it  i» 
known  as  a  pupa  and  does  not  take  nourishment.      With  this  ii»ST 


Fia.  457.— Moumorpb(»U  of  SUarit  kmrnrralit  (alter  Fabre).    a,  Ptm  Isrni]  form.  I>l 
lurrml  form,    c,  Pwndo-pnpn.    d,  Tlilnl  Urval  form.    >,  Pnp«. 

the  larval  life  enils  find  the  life  of  the  winj»e«l  in.sect  (luuuju)  \^% 
The  lai-vie  of  insects  with  isiniplote  metamorphosis  differ  fi-omf 
sexual  animal  to  such  an  extent  in  mode  of  life  and  nourithnu-Dt,  ix 
the  form  of  the  boily  and  in  the  whole  orpmiyjition,  that  tlumitti  ''•• 
parts  of  the  body  peculiar  to  the  wiaged  insect  are  pi'epui'^l  noil 
egt«ihlished  in  larval  life,  yet  a  longer  or  shorter  period  of  qui«««K*> 
in  a  certain  sense  a  second  embl•^•onie  pericnl,  seems  neoeaakry,  ilurtof 
which  tlie  es.sentiiil  altemtions  of  the  internal  organs,  as  well  «« ''•* 
oon.solidatiou  of  the  newly-established  external  parts,  are  eifl«9»J 
{lii/periiietamorpfuun'i,  Meloidw,  tig.  457). 

In  the  form  of  their  iKHly  and   the  homonomous  seguienUitian, 
lite  larvw  recall    Annelid.s,   with    which    they   also   oft^ii   hare  in 
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oonunon  tlie  uiiiforin  seormentntion  of  tlie  gauglionic  chuin.  Never- 
theless, it  is  pi"ob)ible  tliiit  only  ii  i)ro|)ortioniitely  few  of  the 
larval  forms  have  pi-eservetl  the  primiti\-e  fonu,  ainl  have  ii  phylo- 
genetio  signiticance  (Ortlwptr.nt).  In  most  wises  the  iiLsect  larva;  owe 
their  Hpecial  peculiarities  to  secondary  udaptatioiiM.  In  exceptional 
cases,  the  uietainorphosis  umy  he  distiiiu^iiishetl  liy  (|iiite  special  larval 
forms,  lis  for  instance  in  the  Fteronia/iiui  (I'/ati/ijiuter,  Tdetu),  the 
eggs  of  whicli  are  laid  ui  other  insect  hirvje  (tig.  458). 

The  lowest,  usuiilly  i»uiisitic  larvie  tire  (juite  verniiforiu,  am!  are 
without  liuilis  or  a  sepimite  head,  the  hitter  lieiiig  rejiivseiitcil  Ky  the 
ituterior   rings   of   the  body  (iiuujyolg  of  iJiptera  and  of   numerous 
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its,  468. — Lsniil  fomunf  thrca  apecin  of  Platyn-uter  (after  Gauin).  a,  t,  k,  Cyelopt-Uka 
larval  tta^s  with  cInw-lUte  Jawm,  cepbalothomcic  ahiold  and  abdomeii.  d,  Bacoiul  larval 
Btaj^e.    <•,  Third  lur\-ut  AUive, 


'yuienoptera,  tig.  66,  «).  In  oilier  c-ases  thei-e  is  indeed  a  separate 
pluilic  region,  hut  the  follovvijig  thcuncic  and  atidoniinal  segiiient« 
aiv  entirely  without.  a])fjendiiges.  The  lanu-  of  the  Xtturojttera,  of 
many  beetles,  of  the  Tenthrttllnitl^  AnA  hutterflies(cat«-pillars),  have, 
on  the  contniry,  jointed  appendages  on  their  three  free  thonicic  seg- 
ments, anil  freijiii'iitly  also  a  gi-eater  or  less  numlier  of  rudinientaiT 
apjiendages,  the  so-ivdletl  prologs,  on  their  abdomen.  There  ai-e  two 
rudimenttiry  anteiinie  on  the  lietuls  of  these  larvie,  and  a  vannng 
number  of  si]nf>le  eyes.  Tlie  mouth  parts  are,  as  a  rule,  adapted 
for  biting,  even  when  the  adult  animal  has  ii  suctorial  tube,  but,  with 
the  exception  of  the  mundibles,  they  ai-e  usually  ruilimeutary.     The 
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mode  of  nouriithmeut  of  the  Umc  v*ries  very  grmily ;  hut  Uiesr  ilirt 
ia  for  the  luost  piirt  ve^>tnl)I«',  which  Atanilt  iu  great  abtmdun 
mt  the  ilLspatsU  of  the  ijuicklv-growing  hodv.  The  bina  iiMullr 
uaiiarpitu  foar  or  five,  rarely  »  great«r  niuuder  of  luoului,  *oA  in 
the  ooarse  of  its  growth  gnuliiJiJly  u*wuines  the  form  of  tlie  winijeil 
insect,  not  in  all  canei  by  the  ilirect  transfomialion  of  p«irl«  iilr«aih 
present,  hat  iKMnetimw  only  after  eMential  procestscx  of  ue* 
fonuiition. 

In  thin  rcKpect,  howe\'er,  there  «re  coiuaderaiile  different!!,  (he 
extr«ineM  of  which  are  repre«seiite<I  in  ilie  //Ijiteni  hy  the  genm 
Cor<ikra  nnd  Munai.  In  the  cuae  of  Corttltnt,  the  liirral  ^s6paea\* 
and  the  appendageH  of  the  he«d  are  transformed  directly  into  the 
oorrespondiiig  }>arts  of  the  perfect  iuttect.  while  after  the  lust  Urvnl 
eodyBls  the  limbs  nxu\  wiiigis  are  foruied  fixim  the  iinayinai  i/i«t». 
The  iniaginal  discs  are  derived  from  the  hypodennLi  of  the  Up^- 

Tlie  mu.scles  of  the  ulMlomen  nnd  tlieothw 
»>>teuis  of  orgiins  jm.s.-.  lumltered,  or  willi 
liul  little  idtenitiou,  into  thow  of  tie 
udull  aniiual.  Tlie  thoracic  uiucvlos  un 
the  contrary,  originate  as  frexh  foruiatiow 
from  rows  of  cells  already  e».t/iblijilie<l  in 
the  egg.  With  these  slight  chmigfts  tlic 
Fio.  us^-tvoMgo  of  puiffMiT    aotive  life  of  tlie  puim  and  the  MUiill  di^ 

velopment  of  the  lat  body  are  in  nece*«i^' 
correlatiolL  In  Mn»3U,  on  the  contrary,  the  ptipa  of  which  is  quinceut 
and  endoised  in  a  tirm  Imrrel-iihaped  membrane  and  contains  n  large £u 
body,  the  Ixuly  of  the  adult  luiiuial,  with  the  exception  of  the  aluloniMi, 
arises  by  exten^ve  transfoiinations  of  the  larva.  The  head  and  ibimu 
are  develo[>ed  from  imaginal  diiics,  which,  already  eKtMhlLslieil  in  tlm 
egg,  become  develojied  in  the  larva  on  the  investing  menibnine  of  tLp 
nerves  or  tracheir.  It  is  not  until  the  pupal.  Ktage  that  tboie  diir^ 
grow  together,  and  give  rise  to  the  he«id  and  thorax.  Every  thonwie 
segment  is  com]X)se<l  of  two  |Miii's  of  discs  (a  dorsal  iuid  a  ventml), 
the  appendages  of  which  i-epi'esent  the  later  wings  and  legs.  All  ill* 
syBienoB  of  organs  of  the  larvie  are  wiid  to  undergo  a  disnipliuD 
during  the  protnict'ed  pupid  stage  as  a  result  of  the  (recently, 
however,  conteste«l)  pi-ocess  of  so-called  histolysis^,  and  are  repUi'«<l 
by  new  formations  by  aid  of  the  fat  body  and  the  gnuiuUr  hpheret 
arising  from  the  latter. 

When  the  larva  has  attained  a  certain  size  and  degree  of  i]e\'edo|>- 
ment,    i.e.,    when    it  is  fully  grown  and    provided    with   tlie  food 
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material  requu-ed  for  its  future  changes,  in  the  form  of  the  enormouRly 
developed  fat  body,  it  is  ready  to  enter  on  the  pupal  stage.  The 
larvse  of.  many  insects  prepire  above  or  below  the  ground,  by  means 
of  their  spinning  glands,  a  protective  web,  in  which,  after  casting 
their  skin,  they  enter  the  pupal  stage  {Chrysalis).  The  external 
parts  of  the  body  of  the  winged  insect  either  lie  against  the  common 
homy  skin  of  the  pupa,  so  that  they  are  recognizable  as  such 
{Lepidoptera,  pupa  obteeta),  or  they  nlready  stand  out  freely  from  the 
body  (Coleoptera,  jmpa  libera).  This  distinction  is,  liowever,  an  un- 
important one,  since  in  the  first  case  the  limbs  are  free  just  after  the 
ecdysis,  and  are  only  cemented  afterwards  by  the  hardening  cuticular 
layer.  If  the  pupa  remains  enclosed  by  the  last  larval  skin  {Mus- 
eid<e)  it  is  termed  pupa  coaretata. 

In  all  cases  the  body  of  the  winged  insect  lies  with  its  extei-nal 
parts  sharply  marked  in  the  pupa,  and  the  special  object  of  the  pupal 
life  is  to  complete  the  changes  of  the  internal  organisation  and  the 
maturity  of  the  sexual  organs.  When  this  is  accomplished  the 
winged  insect  bursts  the  pupal  skin,  forces  its  way  out  by  means  of 
anteniue,  wings  and  legs,  and  expands  those  parts  which  have  been 
folded  together,  under  the  influence  of  violent  inspirations,  by  which 
the  tracheae  become  filled  with  air.  The  chitinons  covering  becomes 
harder  and  harder,  the  urinary  secretion  which  h»is  accumulated 
during  the  pupal  sleep  is  ejected  from  the  rectum,  and  the  insect 
is  capable  of  performing  all  the  functions  of  the  sexually  adult 
animal. 

The  mode  of  life  of  insects  is  so  varied  that  it  is  hardly  possible 
to  give  a  general  account  of  it.  The  diet  is  both  animal  and  vege- 
table, and  is  taken  in  the  most  varied  forms,  either  solid  or  fluid,  and 
fresh  or  decaying.  Plants  are  especially  subject  to  the  attacks  of 
insect*  and  their  larvse,  and  there  exists,  perhaps,  no  Phanerogam 
which  does  not  afibrd  nourishment  to  one  or  more  species  of  insects. 
On  the  other  hand,  insect«  seem  useful  or  even  necessary  to  the  well- 
being  of  the  vegetable  world,  for  in  many  cases — e.g.,  many  flies, 
bees,  and  butterflies — they  bring  about  fertilization  by  carrying  the 
pollen  to  the  stigmata  of  flowers. 

The  complex,  often  marvellous,  and  apparently  intelligent  actions 
performed  by  insects  correspond  to  the  perfection  with  which  the 
vegetative  organs  discharge  their  functions.  Such  actions  are 
largely  carried  out  instinctively  by  the  mechanism  of  the  organi- 
sation, but  they  certainly  in  part  depend  upon  psychical  processes, 
since  they  presuppose  memory  and    judgment,  in  connection  with 


S5S 


the  liiplily-<Jer\-el')peil  percej)ti\-e  powers  of  the  ^enl^e  orj^it»,  TV 
auiniul  eiit«i>.  the  world  >»-itb  in-stinct,  but,  in  onler  to  jivrfomi  »a> 
depending  on  memory  and  judgment,  it  uiust  drst  acquirr  tkr 
neoewMHiy  psyi'hinil  conditioun  liy  .sense  i)erceptioii«  utid  expericui* 
(/m<v).  In  the  inherited  organ iNiitioii  are  latent  all  tli(»«  atpHlnlirje; 
which  have  Iieen  acquired  in  the  gra<1uHl  procesNeH  of  phylogenetii' 
nicxiiticntions  niul  at  the  expense  of  jjNycliioil  foii-es,  und  Lave,  at 
liiMt,  as  the  result  of  fre<juent  use,  lieci^ne  iiutoiiidtio  luid  • 
pure  mechaninil  property  of  the  orgnnL<m. 

The  instinctive  and  psychical  manifedtntions  tend  dirwtlv  to  tlw 
pi-eservation  of  the  indiNndual  hy  pixjviiUng  wniys  and  means  fortlw' 
lu^|uisition  of  food  and  for  protection,  but  there  i»  a  epeciid  inntiiKt 
tending  to  the  preser^-ution  of  the  species  and  the  cai-e  nf  the  youii|r. 
The  most  simple  example  of  the  latter  iri  to  l>e  foiinil  uj  the  judidou 
deposition  of  the  eggs  in  jji-otect/ed  localities,  and  on  plftnt»  soiulil* 
for  the  nourishment  of  the  just-liutched  unimai.  The  actions  of  ih* 
mother  become  more  complicato<l  in  thi>se  case*  in  which  tiie  liinie 
develop  in  specially  prep«i«d  placet*,  and  have,  as  soon  as  Imtcheri,  to 
meet  with  the  i'e<iuisite  amount  of  suittible  nutriti\-e  nutteriid  {SfJier 
8(if>iU<'»a).  But  most  wonderful  ajv  the  instincts  of  some  iif  ihf 
Orthoptrra  and  /fi/tiienoptirn,  wliich  concern  themselves  ulioiit  lh» 
fate  of  their  young  after  they  are  hat^-liefl  and  cam'  nourishuieiit  to 
tliem  <iuriiig  their  git)\\-th.  In  such  ouses  a  greMt  nuuilier  uf  indiri- 
duals  Ix-coine  iissfx-iate<l  together  for  the  common  welfare  in  tlw 
Ki-called  animal  communities,  in  wliich  there  i»  a  raarke<l  ilivifdon  of  I 
laliour  among  the  different  members;  uudeK,  fenudes  and  isenutUyj 
al>orte<l  fonus  or  neutei-s  (termites,  ants,  waspn,  Vieeei). 

Some   inseet<i  are   cajiable  of  pix^lucing  soundi*,*  whicfi  we  uio*l| 
in  (xu-t  regard  an  the  expresxion  of   an  internal  dis{>oidt)on.     W*j 
cunnul,  however,  thus  i-egard   the  Imxzing  sounds  prn<lureil  ilnrinj;] 
flight  by  J/i/iiienojjIertt  itnil   hiptura   (vibratinu  nf   wing>>  and   of  tl*] 
foliaceous  appendages  within  the  tracliea?),  or  the  M>nnd>>  like  ( 
of  a  rattle  which  are  produced  in  miinerous  beetle»<  by  tlie  friction  i 
certain  Inxly  segments  against  one  another  (])ronotum  and  uicsunotn 
of  the  Lainiillieiiniia)  or  witli  the  inner   sidea  of  the  wing-cov 
although  it  is  possible  that  snich  sounds  are  of  some  use  for  ilcfeii< 
against  hostile  attacks.     Peculiar  vovn\  organs,  which  produce  souiiii 
(or   the  purpose  of  attnu'tiup  the  females,   ai-e  found   in   th«»  nuU 
Cioouia  on  the    ab<lomen,    and    in   the  males  of  the  Gtylliitt* 


•  H.  Lnncldii,  '■  Die  Ton-nn<l  8tiramn]i|)i«mtf  der  Itwccten."    \je\\rt.\fg,  ttt,'. 
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l^iciistuhv,  iit  tlie  bu.-<e  of  the  iuiterior  wiiig.--.  Botii  sexes  of  tlie 
Acrididm  also  pi-oduce  similar  tliougli  feebler  chirping  sounds,  by 
rubbuig  the  femora  of  the  posterior  legs  against  the  edge  of  the  wing- 
covers. 

InsectH  are  almost  univei-sally  distributed,  from  the  equator  to  the 
extreme  limits  of  vegetation  ;  certainly  with  a  considerable  diminu- 
tion in  the  number  of  species,  and  in  their  size  and  beauty  of  colour. 
Some  forms  are  truly  oasmopolitan,  e.g.,  Vanesaa  cardui.  Fossil 
insects  are  found  in 
increasing  numbers  of 
species,  from  the  car- 
"boniferous  formation  to 
the  tertiary  period.  The 
'best  preser\"ed  are  those 

enclosed  in  amber  and 

the  impressions  in  the 

lithographic  slate. 

Order  1. — Thysanura* 
(including  Collem- 
bola). 

Wiwjless  tntect«,  with 
hairy  or  mxdi/  body  cover- 
ing ;  with  rudinventarif 
maaticatint/  mouth  parts 
arul  aeti/orm  arud  fila- 
ments, which  may  serre 
at  a  eprinffing  appara- 
tus, at  the  end  of  t/ie 
ten-segmented  abdomen. 
DevelopmetU  without 
metamorpfiosis. 

The  Thysanura  seem  to  have  preserved  most  completely  the 
primitive  character  of  the  oldest  insect  forms.  The  elongated 
Camppdida  particularly  recall  certain  Mj-riapods,  especially  since 
they  may  have  rudimentary  feet  on  the  abdomen  (tig.  459,  a,  h). 
On  this  account  the  Campo<lidcf  have  been  regaitletl  as  ancestral 


Fio.  469.  -a,  Campodta  ttaphjiUniu  (after  J.  Lulilxjck). 
4.  Anterior  half  of  the  body  of  C  Frngilit  (after 
Palm#n).  Tr,  Trachea;  S,  stigmat*;  P,  legs;  P', rudi- 
mentary atxlomioal  feet. 


•  John  Labbock,  "  Monogrupli  of  the  OoUembola  and  Thysanura. "    I-oiidon, 
1873. 
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Sanas  of  the  in-Hects.  The  heud  bears  tolerably  long  setifoi 
teniue,  and,  ah  a  rule,  oggregiited  iicelli.  in  place  of  the  fucettnl 
eyes.  The  mouth-parts  consL-tt  of  iiuindible.s  and  inaxilliv.  which 
«vn  be  retnictpd  into  a  .sort  of  atrium.  In  thi.s  vase  an  up[Hinitu« 
for  attachment  witli  gland  i»  often  present  on  the  ventral  ."ade 
of  the  first  ab<lominal  segment.  Trachea:  are  completely  aiwent 
in  many  CoUfinlmfa  {Pntl.ura),  while  in  iJaiiijuKlfn  they  present 
very  simple  relations.  There  are  only  three  pairs  of  stigma 
and  the  tninks  which  spring  from  them  do  not  anaNtomoHe, 

the  ]ienultimate  alxlominal  segment  there 
are  often  .setifonu  fibmients.  which  when 
forcibly  bent  veutiulwards  ser^'e  a.s  a 
springing  a]>pamtuH  (s|>ringing  fork  '^g. 
460,  a). 

Vam.    Campodida    (ti-^.    46'.M.     The    l«»);     •« 
elonp»te<l.  ami  thu  nhxlomcn  lin»  ten  sotrni'  i>l« 
Hiul  ends  with  two  Hlnmnits.     Juptjr  ^ly..      ' 
Cyprus.    J.  Molifiiifiin  Ilnl.,  ('amjtpHeii  siaplt 
W.stw. 

Fniu.  Poduride,  spring-tail*  (fif.  4rtO.  d).  The 
boiiy  is  stont.  (rlohular.  cir  ("lotitfiiJiHl.  The  a*>. 
(lomcn  \»  usually  re>luce<l  tf>  n  few  M>frroeniv 
ami  lias  a  ventral  organ  for  nttacbment.  anil 
ends  with  a  lonj.',  veiitrally-liciit  friri«.  ikvU  in 
Kpnnging.  SiHj/Hthurvf  inijitatu»  Lntr,,  /WNrn 
at/iiiiticn  Dvg. 

F«m.  :  Lepifmidn  (fig.  4t'i(.i,  6i.     Huljr  :i 
clong.itol,    iiiiil    tliiVkly    rtiverwl    with    tn  ' 
^'liining  .sciilc^.     The  iilxlntncn  luis  ten  iCfrmcnta. 
and  tenniiiHti-!'  with  u  long  nie<liaii  aeta  md  I 
weaker  InlrrnI  svtrn;,     Zrj/irmm  —urlktirimt 
Mtirh  Hit  jiolypnda  I« 


Orf/«r  2. — Orthopteka.' 


Fie.  VO.—o,  Fodttm  ritlomi. 
ft,  Lfpitmit  Mwekarim$  (r^gue 
animal). 


IitieeU  loitli  an.  incimiplftf  uioljtint 
imtA  two  xuHtilh/  iiitfi/inU  jxiir*  of 
Jaw»  rulapt^t/or  bithty. 

The  name  of  this  order,  which  was  liorrowed  from  the  wings  i" 
by  no  means  siiitHble  for  all  the  forms  included,  and  a  very  grrat 
variety  prevails,  both  in  the  external  appearance  ami  in  the  int^rnai 


•  A.  Serville,  "  Histntre  naturoUe  de»  Insectea  Orthoptirw,"     Paris.  18M. 
T.  Dc  Chnrpenticr.  "Orthoptera  dcscriptn  ct  depicta."    Lvi|izi|t,  IMI. 
L.  H.  Fischer,  "Orthoptera  Kuropwa."     I^eipxig,  IS-W. 
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OK^ganisatioQ.  The  head  usually  bears  long,  multiarticulate  anteniue, 
&oetted  eyes  of  considerable  size,  and  also  simple  eyes.  The  oral  ap- 
paratus is  adapted  for  masticating  and  biting.  On  the  under-lip 
^labium)  the  four  lobes,  and  sometimes  also  their  supports  (stipitea), 
ranain  separate  from  one  another.  The  prothorax,  the  size  of  which 
18  very  variable,  is  always  freely  moveable,  and  separated  from  the 
mesothoraz  by  an  articulation.  The  form  and  structure  of  the 
'wings  is  extraordinarily  variable.  The  anterior  wings  frequently 
liave  the  form  of  coriaceous  wing  covers,  or,  at  any  rate,  are 
stronger  and  thicker  than  the  larger  posterior  wings,  which  can 
Im  folded  together.  In  other  cases,  both  pairs  of  wings  are  similarly 
:formed  and  have  a  net-like  appearance,  like  those  of  the  Neuroptei*. 
The  legs  also  vary  in  their  form,  the  tarsus  consisting  rarely  of  two, 
usually  of  three,  four  or  five  joints. 

The  abdomen  usually  preserves  the  full  number  of  segments,  and 
«nd8  with  caudal  appendages  having  the  form  of  pincers,  stylets, 
'filaments  or  set«e ;  ten  segments  usually  take  part  in  its  construc- 
tion, the  genital  opening  being  on  the  ninth,  and  the  anus  on  the 
tenth.  On  the  abdomen  of  the  female  there  is  sometimes  an 
ovipositor  (Salfntoria).  This  springs  from  the  penultimate  and 
antepenultimate  segment,  and  consists  on  either  side  of  an  upper 
and  a  lower  valve,  and  an  inner  spinous  rod  lying  on  the  upper 
valve  and  passing  along  a  gi-oove  on  the  upper  edge  of  the  lower 
■valve. 

Many  Orthoptera  have  a  dilatation  of  the  oesophagus  which  may 
be  called  a  crop,  and  a  gizzard  ;  this  is  followed  by  the  chylLtic 
ventricle,  which  often  has  some  csecal  appendages  at  its  anterior 
end.  The  salivary  glands  are  often  extraordinarily  large,  and  ai-e 
provided  with  a  vesicular  reservoir.  The  number  of  the  Malpighian 
ves.sels  is,  -with  a  few  exceptions,  very  considerable.  The  ventral 
ganglionic  cord  presents  three  larger  thoracic  ganglia,  and  five,  sis, 
«r  seven  smaller  abdominal  ganglia.  Some  OrUiopUra  possess  tym- 
panic auditory  organs.  The  generative  organs  consist,  as  a  rule,  of 
numerous  egg  tubes  and  testicular  sacs.  I«irge  glands  open  into 
thrar  efferent  ducts.     A  bursa  copulattix  is  absent. 

All  Orthoptera  undergo  an  incomplete  metamorphosis.     The  two 
are  distinguished,  not  only  by  the  differences  of  the  external 
toty  organs  and  by  the  size  of  the  abdomen,  but  sometimes  by 
*He  wings  {Periplan«ta),  or  by  the  absence  of  the  wings 
^^erojfamia,  Pneumora) ;  and  in  the  jumping  OrtJiop- 
'  the  development  of  a  voice  organ  on  the  body  of 
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the  male.     Tlie  chirping  soumlu  pro«Uic«l  by  thia  ocguk  pwbUy 
serve  to  dill  tlie  female  to  the  [iIhc*.  and  to  excite  her  to  copnbuion. 


The   female  a  Is 


h»»  thi 


vovx  apporut' 

tleveloj)e»l  (Ejihippiijerti  among  the  I^ociuttida).  Tlie  eggs  are  Uid 
iiinler  very  variou.s  conditions — sometimes  in  theearth,  wimetiiuvxm 
external  ohjeots  in  air  in  damp  places,  or  in  water.  Tlie  sm- 
bryouii'  development  ha.s  lieen  most  lUTiirately  traced  out  in  the 
Lihelltdiilir,  in  which  iin  intermil  veutrsil  pkte  ii  fonneiL  The  Urnt 
of  the  winged  forms  leave  the  egg  without  any  trace  of  win^  nal 
either  agi-ee  with  the  sexual  animid  in  mode  of  life  and  form  of  l"!^, 
excejjting  in  the  mimher  of  joints*  on  the  aiiteiuui*  and  of  the  coruitil 
facets,  or  differ  "from  it  considei-ably  in  tliese  relations  (Epttemaiin, 
LthfUulidtr)  in  that  they  live  in  quite  another  me<liiim.     Mo»t  of 

tliem,  in  the  fully  develnjiwi 
state,  fe«il  on  fruitti  mid  Ie•vK^ 
and  a  few  on  animal  8ul»t«u«^ 

Suli-order  1.— Orthopten 
genoina. 

Front  wingh  suudl  luid  Imril, 
!Mjmetime>*  coriivce<.>n»  for  tli* 
pixstectiou  of  the  iiiiitl  winp 
and  the  i«ick.  The  hind  wiuf> 
ai-e  memhranoiis  luid  hmul,  axA 
can  he  foldeil  together  liHi(!i- 
tudiually.  The  nuudlln'  witki 
horny  int«ni»l  lobe  ttwtlifd 
the  i>oint  and  covei-ed  by  the  iielmet-siiiiped  membranoiiH  outer  lul*l 
(;/«/««),  with  tive-jointed  palp.  The  appeni1agtt>  of  the  last  alKiomiiul 
segment  are  developed  ;  the  inferior  stylets  are  sometimeB  wMiti 
The  females  often  have  an  oripo.sitor.  Tlie  larvie  alMmyi)  feed  on  ml 
substances  and  alwavs  live  on  land. 


\ 


Flo. 


Jfll. — II,    FiH^lroUi    tmrinttariu.    *.    Blnll,i 


Tribe  1.    Corsoria.     With  running  legs. 

Kaiu  :    Forfieolida,   Earwigs  (Dermatnptero).      Elonfnit«d    Unly.  with  l<* 
uiiL-qiuU  wiiij.'s,  rtf  whirli  the  aiilcriur  are  slii.>rt  boniy  wiiig-covcrs.  wh'rlj 
horizontally  on  tlio  body  anil  cover  the  thin  meuil>rnaou<<  Uiml  wiiii^  whicii  c 
be  fiililed  by  uiunnti  of  jointis  (ti(;.  M'A.a).   The  aUlomon  h(i.s  nine 
cndn  with  a  |>incer,  thu  unu»  of  which  nrv  Rtroiijriy  furred  in  the  mnlo.^ 
fowl  on  viyetnble  matters,  i'«iied«lly  on  fruit,  ami  niiiteal  thcm»clvc»lif  iUtII 
their  hamits.  fn>in  which  they  emei'gc  nt  dusk.    J^ir/lrulit  uurivnlaria  I. 
ilura  yiguHtcii  Fabr. 


OBTHOPTERA. 


567 


Fam.  BUttida.  The  body  flat,  elonpnted  otbI,  with  n  broml  shield-like 
pmthorax,  lonjr  multiarticulAtc  antennse  and  jiowerhil  locomotory  Icps.  with 
tfiiur  tibiic  and  five-jointed  fnrsi.  The  head  is  covered  by  the  larire  iiro- 
thoracic  shield  and  is  as  a  rule  withont  Dcelli.  External  lolje  twice  m  large  aa 
tkte  internal.  The  front  winjrs  are  lartre  winir-covers  which  overlap  one  another, 
but  these,  together  with  the  hind  winRs,  may  be  absent  in  the  female  (Hetem- 
fan  fa)  or  in  iKith  sexes.  They  live  on  solid  animal  matter  and  avoid  the  light 
in  the  day.  living  in  dark  hiding-places.  Many  species  are  distributed  over  all 
the  world,  ami  in  great  numbers  cause  much  damage  in  bakeries  and  storehouses. 
Thv  trofiical  forms  arc  es])ecially  large.  The  female-s  lay  their  eggs  in  caws  a 
■bort  time  before  the  hatching  of  the  young.  These  ca|>sules  in  Periplanfta 
trimtaiii  encloac  about  forty  eggs,  arranged  in  two  rows.  In  this  animal 
tte  mrtamoqihosis  is  said  t')  liwt  four  years.  Prriplanj^a  orienfali'  L. , 
camiBon  i-o<-kmach,  saiil  to  have  been  int.rnducc<l  into  Europe  from  the  East 
(fijt.  Wl,  4).      P.  iitHirifitna  Fabr.,  BUitta  laponini  L..  li.germanica  Kabr. 

Trilie  2.  Oressoria.     With  amVmktory  legs. 

Fam.  Kantida  (Kangbeascbreckcn).  Anterior  predatory  legs,  the  jagged 
tibuE  of  which  can  be  folded  against  the  toothe<l  femora.  They  prey  on  other 
inwcts.  ami  inhabit  warm  and  hot  countries  ;  only  the  smaller  species  extend 


Fio.  m.—  OrfUoluli,a  ntfarit  (i^gne  animal). 

to  South  Europe.   The  females  lay  their  eggs  in  cltimps  on  phints,  and  surround 
tiM-m  with  a  tough  secretion,  which  harrlens  so  as  to  form  a  caimnJe.     This 
.  tecretjon   is   produced   by   the   filiform   apiicndages    of  the  oviduct.     JfantU 
reiigwtn  I...  praying  insect,  in  .South  Europe. 

Kam.  Phasmida  (Gespomrtheuschrecken).  The  body  elongated,  as  a  rule 
linear,  with  long  ambulatory  legs.  Tlie  tarsi  have  five  jointa,  and  bear  a  large 
lobe  for  attachment  txawcen  the  terminal  claws.  Wing-covers  and  wings  are 
eflen  rudimentary  or  altogether  wanting.  The  anal  processes  are  not  jointed. 
They  live  in  the  trf>pics  and  feed  on  leaves.  The  wingless  forma  resemble  dried 
twigs,  the  wHngcd  dridl  leave  /iarteria  fiilainvt  t'abr..  .•Surinam.  Phutma 
fasriatum  (iray,  Brasil.     Phifllinm  tuTi/olium  I-.,  East  Indies. 

Tribe  .'V  Saltatoria.     With  jumping  legs. 

Fam.  Aaridiida  (Gra-shopitcrs).  With  slion  filiform 
tcrior  wings  arc  stiff  ami  only  a  little  broailcr  than  the 
thi;  bind  wings,  which  during  quiescence  are  folded  up 
plctcly  covered  by  the  front  wings.  The  auditory  organs  lie  on  cither  side  on 
the  mclalhorax.  The  female  has  no  projecting  ovipositor,  but  has  an  up|)er 
anii  lower  genital  valve,  each  com|>OHed  of  two  homy  stylet*.  The  male«  can 
proiluce  a  chirping  sound  by  rubbing  the  tootheil  internal  clge  of  the  |»pstcrior 
f<  iiii.m  .liTfiinst  the  projecting  nervures  "f  the  wing-covers.  In  the  female,  also, 
><ing  apparatus  is  present,  though  in  a  nidiment^iry  form,  and  not 
.'ijied  than  in  the  male  larvc.     The  fianales  of  many  s|iecies  are  able 


antenna-.  The  nn- 
anterior  division  of 
like  a  fan  and  com- 
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to  piodflM  wmk  chirping  Mjuti'U.  Tluy  tin  pi»  ifTW  13  fcMk,  aoAxi 
and  nwoitatB*.  the  Imtit  being  pnewnt  tn  cpRsc  as>l  ^arae,  aad  Hit  wami 
■nttnlt  bi  late  MunlniT  nrxl  in  nutumu.  TlirT  St  «-xs  >  ^^itbsc  wDd.asl 
m  >  (bI^  oaly  lor  •lw>rt  di>tniicc«i.  Tber  feel  >jn  fbtatK.  IMtv  wUlrti  U 
C  t^faaglttm  Qmrp^  (Kiijwda  tu  iijratorU  I_  ^ttt  md  Emc  Kii<;]k 
tBifrau  ti)p.<tlior,  and  dutrihcSe  *»«»»■-  >■■«  m  oavioti, 

An'idium  trttitripum  L^  Si 
iLaabbcuscbrcckvn).     The  bo^ 
■•or  brown.     Tbe  ouIcoiub  arc  nay 
parf^  I>  vtUcalt;  oil  the  UKl;r.     Tbe  aaUtoiy 
(■a  i^t.    ThrtaMkaharc  a  pnijectinK 
•  rf  a  a^  aarf  left  double  mire  nu  thrtisktfc 

icon  titlicr  «i(hi,  a  strlc   ■liiifc  whia  !■  ihi  iiliiA 

afc  dapositei)  in  tbe  eartb  in  Uto  aaaMK «r ia aaMli 

Tbc  lorv-ie  an?  liatcheiJ  in  t^  (icb^  aad  lAa 

manj  ■■>— ifc«  dsvalipieii  lb 

tbe 

lire  in  tiwjti 

in  field*  mi  tke  icpi  >*  •■•-■■ 

stalk*  and  shntkB.  Imut 

ditfima   L..  /»  nf  • 

SwitjcrUnd.  J^' 

/"ro.'i     Bn«„  Itajr  itiul  .VUl 


.    .r.>i»tJ- 


bixly  fonn,  '■ 
AntfAOie  u.'-'.: 
tona  ;    wing 
trinm)  iibort 
tally,  and  III' 
rolled    U(i,  |>; 
thetu.     The   ontcriijr  le^ 
i^imetiaic  diinrinj;  fret, 
wonds  br  mbbini;  his  two  iruw-"" 
enrh  other,  a/"'  •'■'—■  —•mdj  pnJali 
tbc    male  llic  tiiu' 

vturk,  ■>  in  the  (  r  -"-A 

hare  a  «tTai^bt  cfliuil: 

Mai  ;  MBTC   laTvlj    thry  »rv  uilliMm   .in  MWj>-ii'^[. 

ao^atft  Ike  ealtb  in  bolts  uud  pnaugcs,  and  fml  no 
XtM  Ian*  anc  hatchwl  in  sumnuT  uiid  pott  thr  niitaa 
IMt^  mole  chckrt  (Sg.  462).    lu  |:iinlcA« 
Cki;;  iV  no  hmdred  to  three  biiuilral  «gg^  wbidi 
«•» ^  jliHiiiil  carlli.    at  tbe  end  of  ibeir 

.  .rmim  U.  feU-erickei  (fig.  UUI).    tf.  Mtmigtim  U 
^     F»hr. 

I'  i. — Qtthapteim  Pieado  Vearopt«ni. 

Uith    |mii«   Iwan^  aiiaikdl 
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coru«trucle<l.  They  n.sually  cannot  he  foliled  tot»ctlier,  and  possess  a 
network  of  nemires  more  or  less  clase. 

Trilje  1.  Fhysopoda.  The  l>oily  snmll,  niin-ow  and  flat,  irith 
loleralily  similiir  wings,  covei«d  with  delicate  haire.  The  mandibles 
are  setiform,  and  the  mouth  parts  are  Kiietorial. 

Kam,  ThrijuiJir.  Jhript  pii/sitjmt  L..  foanil  in  the  flow«r»  of  cbickory, 

Tri1>e  2.  Corrodentia.  Wings  with  few  ner^nires,  and  sometimes. 
(juit<?  witlioiit  transverse  nervni-es.  The  he»id  lias  strong  mandiMe» 
with  toothed  intenial  e«Iges.  The  first  maxillte  with  hooked  masti- 
cotory  portion,  the  point  of  which  is  fumLshe<l  with  two  teeth,  and 
with  memhmnous  external  lobe.  Tlie  CorrwleiUiii,  feeil  on  dried 
veget^ible  and  animal  gnhxtancei^. 

F(im.  Pueids.  liooklico.  Tror-tet  pvltatorhm  T,.,  fnund  in  collectirms  of 
in«f«?t'  ami  t>elweeii  jinpiTS.     Pnarvt  dt>metticu»  Burm.,  P:  utriijotut  f'urt. 

Fam.  Tsrmitida,*  white  ants.  The  nntemue  have  from  eighteen  to  twenty 
jmnti«.  «itli  two  ocelli 
in  front  of  the  eyes  ami 
rtrontr  mantUbUrs.  'Pic 
delicate  « iiij;*,  which  are 
of  wjiwl  sill',  lie  in  rest 
parallel  to  the  body. 

The  Tcrmifeji  (fljr.  464) 
lite  ttjgethcr  in  commu- 
nities. coinpose<l  of  iu- 
ilirifluaU  nf  different 
ki tills.  The  winpeil 
forms  arc  the  nexnnl  in- 
divitlunU ;  the  n|iter<m.s 
f'jmw  are  partly  the  larvsa  and  pujKc  of  the  nvxiial  forms,  and  (inrtly  fully 
develo|K»l  (in  -iiiecicK  of  Calnternu-n  and  Trrmrt  iHtifvtfuii)  sexually  aborted 
mate*  and  female*  (ncutem).  The  latter  are  dividi-<l  aj^in  into  soldiers, 
which  look  after  the  |«rotection  of  the  community  and  are  provided  with  large 
<)uailmii)n>lar  head  and  very  sfronp  mamlibles.  and  workers  with  small 
rooiidcl  heads  and  le*<  projecting  mandibles.  These  individuals  under- 
take the  other  work  of  the  community.  In  species  of  Kiilrrmet,  every 
tn>cc  of  sexual  urjnins  may  W-  wanting  in  the  neuten-.  Some  species  live  in 
S^mth  pluropc.  but  the  jfrcoter  numbcT  hrc  found  in  the  hot  |Hirls  of  Africa 
ami  .America,  when-  tlicy  are  notnrious  for  their  ravages  and  llieir  nests.  The 
Tennite<  make  their  dwellinp<  either  in  the  trunk.s  of  trees,  often  only  lieneath 
the  liark.  or  on  the  surface  of  the  earth  in  the  form  of  hills,  in  which  they 
czcAvote  pAssages  and  cavities.  The  nests  of  species  of  (hhiti  rmen  are  the  most 
inc<implete ;  they  only   gnaw   (lassages    in   wooil.   which    mainly  run    in  the 

*  H.  TTa^rcD.  "  Monogniphie  der  Temiiteu."  Lin.  Kntnmnl.,  Tom.  X.  and  XIV. 

eh.  I.c»p<'is,  •'  lli'chcrclies  sur  I'lirgnnisiitii.n  et  les  moeurs  (hi  Termite  lucifuge." 
Ann.  dm  Sr.  \at.  IV.  wr..  Tom.  V..  IK.-.ti. 

Kr.  MuUer.  '  Bcitriige  znr  Kenntniss  der  Tcrmiten."  Jm.  nal.  XiiUchr, 
Tom.  VII..  IHM. 


Fio.  VH.—a,  Male  of  rrron  li>r(fmf<u  (rigat  •nimal). 
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<lircction  of  the  axis  of  the  tree.  Thert'  is  no  8|>eciul  [ilocc  for  the  qnixn. 
walls  of  the  i>a«!»a(^  are  usually  coated  with  a  thin  lavcr  of  cictuduiI.  Igi 
!ipe<'ie«  of  £utermr;  in  which  the  soMierK  hnve  [lointnl  heail«.  the  inua^ut] 
80  close  to  oue  another  that  the  wood  partition  betwet-n  them  riisa|)pQui.uill 
the  wall  of  excrement  alone  Heporntcs  thetn.    When  the  nesta  project  ovtolf 


Flo.  ll)i. 


'it,  Preifiumi  fcm&le  (queea)  of  Trrmr*  tHci^ngnu,    r,  Pup«.    J,  Puim  of  llu 
form,    r.  Soldier,    f.  Worker,    g.  Larva.    (After  Ch.  Lupfi). 


the  trc>o,  they   form  the  «o-rallc<I  s|iherical  tn-e-nest*.      There  Are  iil«' 
which  ore  atta'-heil  to  trce^  fr'>in  uut'siile,  and  are  liuilt  of  earth  or  cUy.    Otb 
"pei.'ies.  of  Entenittwi  make  their  no^lN  in  holes  in  the  earth  tiencath  ihe  n»'t>''l 
PalniK     Some,  u>i  Afwj'lotrrmi-t  /mcijienji.hmid  hills  of  earth.     In  tbi>  •l* 
aoklicT«  Are  nhiient ;  tlie  male*  and  fcmaleK  leave  the  commuoity  iihortJ;  i 
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The    hu-vte    live  in    water  and  possess 


f^^?St>. 


er  hare  cast  their  pupal  skin,  prubahly  copulate  after  tbcy  return  from  their 
rht  to  the  nest,  and  then  lose  their  wings,  letiiiniii^  otii.v  the  ))ii«il  stump. 
The  m.alo  remain  liehinil  in  the  community,  as  acconling  to  the  works  of 
ueathman.  Lespcs,  Bates,  etc.,  a  king  is  said  to  remain  always  in  tha  com- 
ny  of  the  queen.  After  co|>alation  the  queen,  which  remains  in  the  com- 
Bunity,  swells  up  to  an  enonnona  size  on  account  of  the  cnlargouient  of  her 
rary,  and  Viegius  to  lay  the  egjp*  frequently  in  special  pla<?es  in  the  nest. 
hcT  .ire  at  once  carrieil  away  by  the  workers.  Trrmm  luciftujut  Ross.,  South 
■orojie.  T.fataU  L.,  in  tropical  Africa,  builds  hills  from  10  to  12  feet  high. 
tlctrrmet  Haricoll in  Fabr.,  South  Euro[je. 

TiiVje  .3 :   Amphibiotica. 
L'heal  gills. 

Fam.     Ferlidte.     Body  elongated  and  flat,  with  IstcraUy  placed  eyes,  three 

ocelli  and  seliform  antennic.    The  wings  are 

unequal,  and  the  posterior  repon  of  the  broad 

wings  can   be  folded  downwards.     The 

omen    has    ten    8egmcnt.s    and    two    long 

Bted    filaments.     The   wings   arc   often 

i  in  the  males.    The  female  carries  the 

cifgs  for  a  time  in  a  depression  of  the  nintli 

•biloiiiinal  segment,  and  finally  de[)o«it8  them 

in   water.     The    larva;    live    beneath   stones. 

^They  usually  bare  tracheal  gills  on  the  thorax, 

feed  princii«lly  on  the  larvas  of  Epiieme- 

ttr.     ScmHra  nrhulmit  L.,  Prrla  hicavdata 

P.  (PtervHiirrijt)  retirulata    Burm..  with 

ftcl  gills.     Koiinil  in  Silieriii. 

Fam.  Sph«merida.    May  flies.  Body  slender, 

111    soft-skinned,   with    hemisjiberical    eyes, 

:  ocelli  and  short  setiform  antennse.     The 

ont  wings  are  large,  the  p<'>stcrior  small  and 

[inde<i.  sometimes  fused  with  the  anterior  or 

[together  absent.     The  mouth  parts  are  nidi- 

utary.      The   males   have   verj-   long   front 

ft.     The   abdomen    has    ten   segments    and 

inates  with  three  long  anal  filaments,  of 

liicb  llic  mc<lian  one  may  be  absent.    The 

aultimatc  alxlomiiuil    segment  of  the  male 

I  two  jointcl  copulalory  forceps.     The  ^^ay 

&)(•<  live  only  a  short  time  in  the  wingc<l  stage,  taking  no  nourishment  and 

cvoting  themselves  entirely  to  the  business  of  reproduction.     We  often  find 

arms  nf  ihem  in  the  air  on  warm   summer  evenings  and  the  next  morning 

ktheir  dead  l>odies  lying  in  quantities  on  the  ground.    The  Utrva-  live  at  the 

I  of  clear  water  and  feed  on  other  insects.     They  have  a  large  head  with 

rcrful    mandibles  anri   toothed  maxillse.      On  the  abdomen  they  Vicar  six 

)i«.-veji  |>airs  of  swinging  plates,  which  function  as  tracheal  gill.",  and  at  the 

of  the  alxliimcn  they  have  three  long  feathcr-liki^  caudal  setie.    The  larvae 

alt  Creiuently  (in  Chlnri'ii  more  than  twenty  times)  and,  according  to  Swam- 

,  require  three  years  for  the  passage  into  the  wingc'<l  inse<'t.     After  the 

( of  the  pupal  skin,  which  is  provided  with  the  rudiment.s  of  wings,  the 

36 
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T(-inire<i  insect,  which  is  now  in  tlic  subimn^  staRe,  undenrtws  knottier  ««il; 
and  becomes  an  imHgo.     Ephemrra  rutgata  L.  (fig.  4fin),     PnliHi/rnUi  ItmfU 
vandn  Oliv. 

Fnni.  LibtUnlids.     Dragon  flies.     Lnrire  "Irnderlv-built  insectn  with   frwlr 
mnvenblc,  trnnsversely  cylindrical  head,  slinrt   six-  lo  seven-joiiitcit  thin 
pointed  antennic,  and  four  large  net-like  latticed  wings.     The  mouth  |<ins 
Iiowerfullv  devcloi^ied,  and  are  covere<l  >iy  the  large  up|ier  lip.     Tlie  masi 
have  fnwxi  honiy    \o\-k,    and   sinffle-jointcl   sickle-slia|ieil   palp.     The    !.•»( 
has  a  simple  or  ilirided  internal  lo))e  and  separate  outer  lobtis  fu«c«\  with 
bi-jointed  palp.     The  atxiomcu   has  ten  joint*,  and  on  the  last  xcgment 
unjointed  anal  styles  opposeii   to  one  another,  so  as  to  form  a  sort  of  foi 
They  live  near  water,  and  feed  on  other  insects.    The  two  sexes  are  usually' 
different  colours,  and  their  flight  is  rapid  and  prolonged.     During  copiilai 
the  male  clasps  the  prothorax  of  the  female  with  his  abdominal  forcei«,  » 
she  bends  her  abdomen  towards  the  ba.'ic  of  his  abdomi'n,    Here  i«  plsur<1 
co]ralatory  organ,  which  is  remote  from  the  gi;nital  openine.  and  i>  filled 
sperm  prior  to  copulation.    The  larvic  live  in  w.lter  and  arc  pred,iccoui. 
lower  lip  is  modified  lo  form  a  sjiecial  prc<bitory  apparatiLs  (the  mask)  (fie.  4S<>>. 
Many  of  them  breathe  by  means  of  tracheal  gills,  which  are  placed  at  :' 
of  the  abdomen  or   in    the   rectum.     Calnytenj-r    rirjn  L..  At/rwn  /»i'. 

.f.''r!iHa  ;irfiiuliii  L.,  Lihilluht  rulyata.Jlarrola  I. 


'•"W 


Fig. 


Order  3,     N euToptera.* 

Insect*  inth  hiling  (aomHimcx  aim  nt^ori 
inrmth  petrtt,   tirith  free  prolhoraae  and    mftn 
liraiionit   trlnijn,    the   nervnrfM  of  irhich  j'orm 
a  )»fl-ii'ork.     Thf  lurJamfrrphfHtit  it  emnpiftt. 

Most   Nmirvptera  have   an    ontwnn] 

vn-Panar,,,  e«»,»»,i.    .,ein1>l..nee  to  tlip  ii"WW»</«  afi.l  Kphtm 
(rJifne  animal).  ' 

wliile  otlu'i-js  if«eiuMe  tlio  Lrpiitoptfrti  in 

sc»ly  wings.     The  two  paii-a  of  wings  are  nsnally  fdmilnr  iwil  ini 

hranous.  and   tlieir  .size  is  almost  equal.     Tliey  iiro  trnversetl   t>y 

olo.se  network  of  nervures  which,  howe\-er,  dilliers  esisontijilly  froio 

neia-tttion  of  the  Neurirptf.ra-Wk^  Orthoptfrn.     Tlie  front  win] 

have  the  form  of  wing-covers,  hut  the  liiml-wings  can  -som 

folileil    toftcther   and    sometimes   not.     They    may   >»>  rovereil  w 

scales  ami  hairs  {Phryijanida-).     Tlie  month  parts  pmtent  a  grmi 

appi-oximation  to  the  Beetles,  in  that  tlie  labium  only  nirely 

any  trace  of  a  me<lian  slit,  the  two  pairs  of  !olie«  hi-ing  fusf^  to  * 

single  plnte.     In  one  group  (Phri/i/itnidtr)  we  tin<l  flict<iriiil  month 

jwrts.     The  mftBrlihles  in  this  ca.se  ai*  aborted,  and  the  labium  hcJ 

mii.xillie   fuxe  to  form   a  tube.     Ak  a  rule  the  anteniup  are  niaii'r- 

•  E.  Pictet,  "  Histoire  naturellc  des  Xenropteris."     Hcnf  IHJH. 
+  E.  Brauer  und  Fr.  I-<iw,  "  Neuroptera  Austriaca."  Wicn,  iK".", 
llrnuer.  "Beitriivc  r.ur  Kenntnis*  dcr  Verwandlungder  Neiifiipterwu.   I'l 
4fr  :{iol.-l>nt.  (retrltachuft  :m  U'wh.  Tom  IV.  und  V. 
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jointed,  filiform  or  setiform,  the  eyes  of  medium  size,  and  the  tarsuses 
five-jointed.  The  prothorax  is  always  freely  moveable,  and  the  abdo- 
men is  composed  of  eight  or  nine  segments.  The  nervous  system  is 
similar  to  that  of  the  Orthoptera,  and  consists  of  clearly  distinct 
thoracic  and  abdominal  ganglia.  There  in  always  a  muscular  gizzard 
on  the  digestive  canal  {MyrmeleonticUp,  Fanorpidce).  A  sucking 
stomach  is  found  only  in  the  Hemerohula.  Six  to  eight  long  Mal- 
pighian  tubes  arise  from  the  hindgut.  The  metamorphosis  is  always 
complete.  The  larv«  prey  on  other  animals,  and  are  provided  with 
biting  or  sucking  forceps  (formed  from  the  mandibles  and  maxilla-). 
They  pass  into  a  quiescent 
pupal  stage,  in  which  the  parts 
of  the  winged  insect  can  al- 
ready be  made  out.  The  pupa 
is  often  surrounded  with  a 
-cocoon,  but  possesses  the  power 
of  locomotion  to  a  certain  de- 
gree, sin<«  before  the  animal 
pas-ses  out  of  the  pupal  stage 
it  ceases  to  lie  quiescent  and 
seeks  out  a  place  suitable  for 
development.  Fossil  remains 
are  found  in  tertiary  forma- 
tions and  in  amber. 

Sub-order  1.  Planipennia. 
Front  and  hind  wings  similar, 
never  capable  of  being  folded. 
The  mouth  parts  are  powerful 
and  adapted  for  mastication. 

Fsm.  BUlida.  With  large  head 
bent  obliquely  forwards,  and  pro- 
jecting hemispherical  facetted  eyes. 
The  wings,  when  at  rest,  overlap  one  another  like  the  slates  on  a  roof. 
The  larrse  have  biting  moath-parts,  with  fonr-jointed  maxillary  palps  and 
three-jointed  labial  i^alps.  Sialh  lutarui  L.,  dorydalU  cornuta  L.,  Ba/ihidia 
ojihioptiii  Schiim.  camel-neck  files. 

Fam.  Fanorpidn  (Schnabelflicgen).  The  head  is  small  and  placed  vertically  ; 
the  multiarticnlate  antennte  are  placed  in  the  frontal  region  beneath  the  ocelli. 
The  oral  region  is  prolonged  in  the  form  of  a  beak.  The  wings  are  long  ami 
narrow,  and  similar  to  each  other.  The  lama  are  like  caterpillars.  They  have 
thirteen  segments  and  a  heart-shaped  head,  and  biting  mouth-parts.  They  live 
in  damp  earth,  where  they  dig  horseshoe-shaped  passages,  and  arc  transformed 
into  pupte  in  oval  cavities.  Panorpa  eommuniii  L.  (Kg.  46(!).  Bittariu 
tivularin*  l^abr. 


Fio.  467.-0,  Larva  of  Maniiupa  ttyriaca  after 
hatching,  b,  Tbe  same  before  the  pupal  stage 
(after  F.  Brsuer).  c,  Itanl'upa  jxijana  (r^Rne 
animal). 
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Fani.    EMMToUto  (Florflic^n).     Hew  I  vertical  ;  antenna  fiUfomi. 
two  pure  of  wings  m  transparent  like  g\a.^s  nnil  ht<:  nearly  eqnal  in  -iiv. 
lorrc  sack  iniect«  and  spiders.    Mantiti}aj>ayan«f»hT.    Aot<;rior' 
prothorax  much  eIoit(:atc<l  (fig.  4rt7,  .1.  h,  r).      The  tarrie,  after  •  ^ 
fasting:,  bore  their  way  by  meaiw  of  t  bcir  «uckinff  furrep^  into  the  ovLsio  0 
tpidcrs,  auil  nuok  out  the  eg^  ami  thv  young.    Aittr  the  first  moull,  tJir  Itf 
aiv   redac(<>i   to  iiburt  ittumpx,   and  tlie   body  becomes  likf  a  Hrmenopltn 
uiatrgut.     When  about  to  vntcr  tho  pu[HiI  stAge,    they  spin  a  oocuon  :n  tin 
■  irigac,  an<l  strip  off  the   larval  skin  in  the  middle  of  Juuc.     Th?  pn|«  W.-tbl 
through  the  cocoou  and  moves  f  rtx-Ir  about  till  it  eaAls  it»  skin  and  i>  tan*- 
formed  into  the  wiujaxl  insect.     Chrymypa  pfrla  I^    The  egif»  liare  Ion?  aaiti 
The  lan'iv  liavo  Hicklc-shapeil  suctorial   forvepis    feed    on  A|ihide«  ainl  •piUj 
plobular  cociKMis.     Bemernbius  iKtetrrm  Fabr.     Tlie  Inrviv  fe««l  ou  A|ilii'ln 
0$mylvt  maevlattiii  Fabr.,  ^'cmoptera  {Xematvptera  Barm.)  e«a  L..  Asa  Kd 
mid  Turkey. 

Fnm.     KymialeoiitidK    (Ant-lions).      With   large   vertioJIy-plaeed  had| 
ailtcnnie    kni>l<)>o<l  nt   the  cmU ;     prothorax  short   and  tia'rrow  ;    mcMthon 
very  largo.      Winijs  of  ifjual  sire.     The  larvie  with  tootheil  sarking  jiinn 
romposed  of  mandibles  and  maxilUe.  and  short  bnmd  abdnmcn.  livo  in  lljiitj 


FtB.  tUB.—n,  MifmriMm  fiirwiimrUt  (rrgnc  MumBlX    *.  It»  larvm, 

sandy  soil,  in  which  they  hollow  out  fiinncK.  Before  entering  llu-  pu|«l  •I'Si 
they  spin  n  globnlur  envelope  for  theinselve-  (rtg.  4rtS).  ilyrmrUcn  ft<rm<rtT-* 
r„,  .V./'frmicali/iij-  Fabr.,  PalpareM  libelluUiiie*  \..,  South  Eunnic  Afltf^* 
italieuf  Fiilir. 

Siib-oi'der  2.  Trichoptera.* — Wiugscorei-ed  \ritii  Imii-sor^stJi"! 
the  hincj  wings  ran  as  a  mle  be  folded.  The  luiMith  parts  witll 
nborteil  mandibles  ;  the  luaxillw  and  the  liibiuin  fii>e  to  form  a  kiin 
of  snctorial  proboscis.  In  ui&ny  cnsett  {Oi^troptidtr  Bniiier)  lb 
iun.Yillie  iind  Iiibiiim  as  well  Bt<  the  man(lt>le»  become  iilmrtnl  dorbi 
the  ptipiil  stape. 

Fani.  PhTyganidc  (spring-Hies),     The  small   vcrtically-placMl   head  «^ 
long  setiforni  nntentiie  nml    heniiiipherical   projecting  eyes.      The  «inp 
covere<l  with  wales,  nml  have  but  few  transverw  reins.    They  lltr  on  tlie 
in  a  teotiform  nnuiner.    The  larrie  live  in  water  in  tiibuUr  eases,  which,  i 

•  J.  Pictct,  ■' RecherehcB  pour  servir  A  ITiiMtoire  et  lanattmiie  de>  IliJ] 
Hides,'"  Ueiievc,  1><;<4. 

H.  Hiigen.  ••Svnopais  of  the  Mritt<.h  Phr^'ganidn;,"  E/ttimml.  .\»»**l 
IH:i9.  IHHu,  I8t>l. 
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ifcir  and   Rhj/aeephila,  arc  fatstcneil  to  stones.     In  the  walls  of  these 

(  UnTe  are  Bjuiil  |.'raiii(i,  bits  of  plants  and  empty  snail  shells.    The  larva; 

biting  mouth  parts  and  filiform  tracheal  gills  on  the  bwly  segments.  They 

iject  their  homy  head  and  thornric  scpnents,  with  their  three  pairs  of  lejs, 

im  these  tul»«  and  crawl  about.     The  pupa  leaves  the  case,  whicli  serves  also 

as  a  pupal  skin,  and  develops  into  the  winged  insect  out  of  the  water.     The  per- 

t  itisect  resembles  the  Lrp'uhiptern  in  many  respects,  and  lives  near  water  on 

Te«.  and  the  stems  of  trees.    The  female  lays  her  egpi  in  I'lumps  encIose<l  in 

•  Kelalinous  case  on  stones  and  leaves  near   water.      I'hnjganra  ttrUtta  L. 

(tiir.  469).     Mi/ilaridi't  '/lui'lri/iuci  itut  Fn,\>r.,  Ilijdroptyrhc  eurial/ilit  Pict. 


Order  4. — Stxepsiptera. 

In»teU  wiUt  nuUnientary  anterior  wings  rolled  up  at  the  points  and 
larrff.  hind  winijii  irhic/i  cfiti  hefoldefl  lonyitudintdhi.     The  month  parU 
•irv:  nulittivnUtry.     In  ihe,  j'evvdf,  Ihem  nre  neither  miwjs  nor  Injs.     The 
Itimr.  are  panuitie  in  tfi«  body  of  H;/menoptera. 
,    The  mouth  parts  are  reduced  in  the  atlult   sexual    animal,    and 


Pktygaiun  tlrmta.    h.  The  larva  freol  from  its  case  (r^itns  animal). 

ccnucLst  of  two  pointed  mandibles  which  overlap  one  another,  and 
^ni(lll  mnxillw,  whicli  are  fused  with  the  lower  lip  and  are  provided 
with  two-jointed  palps.  The  prothorax  and  inesothorax  are  two  very 
short  rings,  but  the  metathomx  is  tmusually  elongated,  and  covers 
the  Ija-e  of  the  alnloiuen,  which  coii-sists  of  rdne  segmentjj.  The 
mules  potvsess  small  roUed-up  wing  covers,  and  very  large  hind  wings, 
which  can  1r<  folded  lonpttidiiuilly  like  a  fan.  The  females  have 
no  eyes,  and  remniu  throuf^h  life  without  wings  or  legs  like 
otK ;    they  never  leave  their   pupal    skin    nor    their   (Ninisitic 

V*  W.  Kirby,  "  Streiwipt^ra,  a  new  order  of  Insects,"  Tramaet.  lAtm.  See., 

Iv.  heboid,  "Ueber  Xenos  spbceidarum  and  dcasen  Schmarotxer,"  Beitriige 

kr  Vaturgi-tehichte  der  wirWlosen  Thiere,  1S39. 

j  T.  sietjold,  •'  Ueber  .'<lrei)siptcra."'  Archiv  fiir  Natnrgesch.,  Tom  IX.,  1848. 

I  I  iirii'.    ■  British  Entomology,''  London,  ISiK. 
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habitat  in  the  abdmnen  of  wasps  and  humble  bees  {Bombyliidee)  from 
which  they  only  protrude  the  anterior  part  of  their  body.  In  copn- 
lation  the  males  are  said  to  open  by  means  of  their  copolatoiy 
organ  the  dorssal  tube  of  the  female,  which  is  at  first  closed.  The 
ovaries  have  no  oviduct,  and  continue  as  it  seems  at  an  earUer  sUp 
of  development,  since  they — probably  like  those  of  the  viviparons 
Cecidomyia  larvje — produce  eggs.  The  eggs  fall  freely  into  the  body 
Cilvit}',  are  fertilized  and  develop  (perhaps  sometimes  patthenogene- 
tically)  into  larvse,  which  pass  out  through  the  above-mentioned 
dorsal  canal  and  become  attached  to  larvse  of  bees  and  wasps  (fig.  470). 
In  this  larval  state  they  are  able  to  move  about  and  possess,  like  the 
young  larv»  of  Cantheridof,  three  well-developed  pairs  of  legs,  and 
two  caudal  set«  on  the  abdomen.     They  bore  their  way  into  the 

body  of  their  new  host.  About 
eight  daj-s  later  they  undergo 
an  ecdysis,  and  change  to 
an  apodal  cylindrical  maggot, 
which  becomes  a  pupa  within 
the  Hymenopteran  pupa,  and 
as  such  bores  its  way  out  with 
its  head  from  the  abdomen  of 
the  latter.  The  males  l«i« 
the  pupal  skin  and  seek  the 
females.  They  !<eeui  to  live 
only  a  short  time. 

Fam.  Stylopidte.  Xriii"  !!<•"" 
Kirb.(.V.  rr'/iariim  Ross.)  ]>an-i'i'' 
in  PolUffngiillira.  Sfi/hpi  »"!''''' 
Kirb. 


-Sti/loiirChililrmi(titterKiThy).  <i, Larva. 
J,  Female,    r,  Male. 


Order  5. — Rh3mchota*=Hemipteni. 

Insects  vdth  jointed  rostrum,  pierciiiy  {exceptiotmUi/  hltiny)  n\ov''< 
parts.      With  imualli/  free  prot/wrax  atul  incomplete  niet-aitwrpliofis- 

Tlie  mouth  parts  are  almost  without  e.\ception  arningcd  wi" 
taking  up  fluid  nourishment,  and  ai-e  usually  repi-eiseuted  by  * 
rostrum,  in  which  tlie  mandibles  and  maxilla;,  iis  four  rigid  sty'^' 
are  moved  backwartls  and  forwards.     The  i-ostrum,  which  is  foniie<l 

*  Burnieister,  •'  Handt>ach  <ler  Entomologie."     II.  11<1.,  Berlin  18.t."i. 

J.  Hahn,  "Diu  wauzenartigen  Insecten."  Niiniber^'.  ls.31-lH4ii.  Continuw 
by  H.  Schaffcr. 

P.  X.  Fieber, '•  Die  europaischeii  Hemipteren  nnch  dcr  aiinlvtischpn  Mcthoilt. 
Wien,  18C0. 
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bj  the  labiam,  is  a  three-  or  four-jointed  almost  closed  tube,  which  is 
narrowed  towards  the  point,  and  is  covered  at  the  larger  open  base  by 
the  elongated  three-cornered  upper  Up.  The  antennae  are  either 
short  and  three-jointed  with  a  setiform  terminal  joint,  or  are 
many-jointed  and  often  elongated.  The  eyes  are  small  and  usually 
facetted,  but  they  are  sometimes  ocelli  with  a  simple  cornea. 
Frequently  two  ocelli  are  found  between  the  facetted  eyes.  The 
prothorax  is  usually  large  and  freely  moveable,  but  all  the  thoracic 
segments  may  be  fused  together.  Wings  are  sometimes  quite  absent ; 
usually  four,  rarely  two,  are  pi-esent.  In  the  first  case  the  front 
wings  are  homy  at  the  base  and  membranous  at  the  tip  {Hemiptera), 
or  the  front  and  hind  wings  are  similarly  formed  and  are  membran- 
ous {ffomoptera),  though  the  anterior  are  often  stift'er  and  coriaceous. 
The  legs  are,  as  a  rule,  adapted  for  walking,  but  sometimes  they 
serve  for  clinging  or  swimming.  In  other  ca.ses  the  front  legs  ai-e  used 
to  capture  prey,  or  the  posterior  for  springing.  The  alimentary 
canal  is  distinguished  by  the  numerous  sali\-ary  glands,  and  by  the 
complicated  chylific  ventricle,  which  is  often  divided  into  three 
regions  ;  behind  the  chylific  ventricle  usually  four  Malpighian  tubes 
open  into  the  hindgut.  The  ventral  cord  is  concentrated  into  three, 
usually  into  two  thoi-acic  ganglia.  With  exception  of  the  Cicada,  the 
female  genital  organs  have  only  four  to  eight  egg-tubes,  a  simple 
receptaculum  seminLs  and  no  bursa  copulatrix.  Tlie  testes  ai-e  com- 
posed of  two  or  more  tubes,  the  ducts  of  which  are  usually  dilated 
at  the  lower  end.  Many  {buys)  emit  an  offensive  smell,  which  pro- 
ceeds from  the  secretion  of  a  gland  placed  in  the  mesothorax  or 
metathorax,  in  the  latter  case  opening  between  the  hind  limbs. 
Others  (Homoptera)  secrete  by  means  of  numerous  cutaneous  glands 
a  white  waxy  film  which  covei-s  the  surface  of  their  body.  They  all 
live  on  vegetable  or  animal  juices,  to  which  they  obtain  access  by 
means  of  the  piercing  styles  of  their  rastrum.  Many  of  them,  bj- 
their  appearance  in  great  numbers  on  young  plants,  are  harmful,  and 
sometimes  cause  gall-like  outgrowths;  others  are  parasitic  on  animals. 
The  young,  when  hatched,  possess  the  form  and  habits  of  the  sexually 
mature  animal.  They  have,  however,  no  wings,  which  make  their 
appearance  as  small  stumps  after  one  of  the  fii-st  moults.  The  true 
Cicada  need  several  years  to  efiect  their  metamorphosis.  The  male 
Coccidce  change  inside  a  cocoon  to  quiescent  pupae,  and  undergo 
accordingly  a  complete  metamorphosis. 

Sub-order  I.  Aptera=:Para8itioa.    Wingless .S/tync/to^t,  with  short 
fleshy  i-ostrum   and    bi-oad    cutting    styles.     Sometimes  they  have 
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rudimentary  biting  mouth  parts,  an  indiiitinctly  segmented 
and  an  abdomen  which  usually  consists  of  nine  segments. 

Fam.  Padienlidar.  Lice.  With  fleshy  proboscis-sheath  armed  with 
hooka,  protmsible  suctorial  tube,  and  two  protrasible  knife-like  styli 
antennie  hare  fire  joints.  The  feet,  which  are  adapted  for  clinir 
booked  terminal  ioints.  The  eyes  are  small  and  not  facetted.  The 
lire  on  the  skin  of  Mammalia,  and  sack  their  blood,  and  lay  their  pa 
egjrs  in  the  roots  of  the  hair.  The  yonnp,  when  batched,  do  not  n 
metamor|>hoRis,  and  the  louse  which  infects  the  human  head,  is  fully  <1 
and  capable  of  reproduction  in  eighteen  days.  Pfdicuiut  capita  Deg. 
louse  of  man.  P.  rettimenti  Burm.  (hirger  and  of  pale  colour),  i 
jmhi*  L.  (lilt.  47I). 

Fam.  Xallaphaga  (Anoplnra)  (Pelzfresscr).  Lice-like  in  form,  wi' 
to  five-jointed  antennie,  and  biting  mouth  parts,  no  fleshy  proboscis.  I 
of  suctorial  tube.  They  live  on  the  skin  of  Mammalia  and  Birds,  aiic 
young  hairs  and  feathers,  but  also  on  blood.  Triehodertrt  eaitU  Deg.  Pli 

terticelor  Burm., . 

amwrU     Suk. 

Kitsch.       .V.      , 

Kitsch,  on  fowl; 

Sub-order    2 
tophthires.  * 

chota  with  tw 
of  membninou! 
Tlie  female  is 
apterou.s.  The 
of  the  skin 
often  i-oveivd 
den.>e  wiisy 
the  pr<xlnot  o 
neous  glands 
are  place*!  in  groups  beneath  warty  prominences  of  the  sogiu* 

Fam.  Coeeidag  (Sohildlause).  The  larpe  fcm.iles  have  a  shiolil-sli.i| 
and  are  wingles.*.  The  males  are  much  smaller,  anii  have  large  fmi 
and  ^omi'timos  also  rudimentary  hind  wings.  The  fully-(lovolii|»< 
have  III!  proboscis  or  piercing  weajKjns,  and  do  not  take  in  noiii 
while  the  unwieldy,  often  imsymmetrical  females,  which  may  even 
the  sogmciitation.  insert  their  long  rostrum  into  the  (larenchyma  tif  pi 
remain  motionless.     The  eggs  are  deposited  beneath  the  shieUl-shaf 


Fio.  471.— P**»iri«.  puHi  (atler  Landois)  St,  Stiffmn ; 
Tr,  Trachea. 


*  ('.  Bonnet.  "'Traitc  d'Inswtologie.'"  Tom.  I.,  P.iris  174."i. 

.1.  F.  Kyl)er."  Erfahrungen  und  Bi'morkuugen  Uber  die  Bhittliiusc."  < 
Mitiiaz.  ){<r  Entomol.     Tom.  I..  1."<1.'>. 

.1.  H.  K.Mtontiiioh.  ■' Moiioirraphie  dcr  Familie  der  Pflanienlause." 
1S43. 

U.  1/,-iickart.  "  Die  Fortpflanzung  dcr  Rindenlause."   Arehit/ir  XU 
ISS'.". 
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■■  dcTclop.  protected  by  the  ilrving-up  body  of  the  mother.  They  we  gtatotllf 
fcnfli7.«l  {Ciiecyt).  but  w.imetime'!  ilevelop  iiarthenojrenetically  (Lrraniiim, 
Jtpidh'tiu).  Unlike  the  female  (and  formiiifr  a  single  exception  to  what 
nthiTwnw  obtnin*  in  the  onlor).  the  mnlca  undergo  a  complete  met«mori)ho«i« ; 
the  aptcrouH  larvio  snrround  themselves  «-ith  a  cocnon,  ami  are  transformed  into 
qiucsc«nt  pupie.  Many  Cw/'k/w  cau«e  great  damage  in  conscrratories.  Others 
are  asefnl  in  industry,  In  that  they  produce  a  colouring  matter  (cochineal), 
while  others  are  uwful  in  cBa<nnp.  by  tlicir  puncture,  an  outflow  of  vegetable 
juiocs  which  when  driol,  arc  nsed  by  man  (/«/•,  mnnna).  Atpidiotut  nrrii. 
Boroche,  found  ou  the  Oleander.  Lrcn/tiiim  hetjieridiim  L.,  L.  /iirtiea  RmchA. 
Kirmrt  ilirU  L..  on  Qucrcug  occifera.  also  A,  ?  {t'oeev*)  laeca  Kerr.,  on  Kicm 
religioM  in  the  East  Indies.  Cocriu  earti  !>..  (fig.  472)  liven  on  Opuntia 
cocci ncUifera.  Mexico,  gives  cochineal.  C.  adiotiitum  L.,  C.  (.')  inanniinrvt 
Khl)g-  on  Tamarix  (mannn). 

F«m.  Apblda.*  plant-lice.    As  a  rale,  there  are  four  transparent  wiiig-i.  nnth 
•••DBiity  venation.    The  wings  may,  however,  lie  absent  in  the  female,  and 
nutly  in  the  male.    The  ApUdtr  live  on  vegetable  joires,  and  are  found  on 
roots,  leaves  and  buds  of  quite  definite  plants. 
They  frequently  live  in  the  sfiaecs  of  gall-like 
•welling'*  or  deformities  of  leaves,  which  are 
produce<l  by  the  punctures  of  the  plant-lice. 
Vany  of  them  jioRSess,  on  flic  dorsal  surface 
of  the  ante])eDultiniate  segment,  two  "honey 
"tubes, "  from  which  is  secreteil  a  sweet  fluid 
— the  honcyde%v — which  is  eagerly  sought  for 
by  iintsi.     In  addition  to  the  usually  apterous 
femali.'ts,   which,    as  a   rule,  only   appear  in 

utnmn  with  the  winge<l  nioU-.s  and  lay 
fertiliieil  eggv  after  copulation,  there  arc 
•l«o  vivifiaious,  usually  winged  generations, 
which  apifcnr  principally  in  the  spring  and 
iu  summer,  and  which  produce  their  living 
ithout  the  assistance  of  males.  Bon- 
observed  nine  generations  of  vivijiarous 
itudcs  SDCceed  one  another.  They  arc  distin- 
'^i*h«)l  from  the  true  oviimmus  females,  not  only  by  their  form  and  colour,  and. 
in  many  eoies,  by  the  jiossessidn  of  wings,  bnt  also  by  essential  peculiarities  in 
the  tTtierativc  apfjnratus  and  the  eggs  (/'*«rf(»ru,  germs).  The  rcceptaculum 
-•-initiis  is  absent,  and  the  eggs  undergo  their  embrj'onic  dcTelnpmeut  in  the  very 
long  lyg-tubc*.  Vivi[>arous  and  ovipamus  aphides  usually  succeed  one  another 
in  rcznlar  alternation,  since  the  females  lay  fertilized  eggs  in  the  autumn, 
which  «urvivc  the  winter  and  in  the  spring  give  birth  to  \nviparous  aphides, 
the  di.tMt'ndaiits  of  which  are  also  viviparous,  and  [iroiiuce  vivijmrous  forms 
through  a  number  of  generations.  It  is  only  in  the  autumn  that  the  males  and 
ririparous  females  are  born  which  copulate.  Vivijarous  individuals  of  many 
«  sot-m  to  pass  the  winter  in  ant-hills.     Sexual  forms  (at  time  of  birth 

irrady  mature,  wingless  and  without  proljoscis)  are  sometimes  found  in  the 
spring  ;  ihey  arc  in  all  probability  priKlnced  by  such  viviparous  forms  which 
liavc  |icr«isted  through  the  winter.    This  h.Ts  lieen  shown  to  be  the  case  for 


Fio.    ITS.— CSmwm  tatH.    M,  Feouilc. 
&,  Male  (after  BurmeUter). 


*  I>eTl)CH,  "Xotes  SOT  les  Aphides  do  pistaehier  terebinthc," 
Sa!.  1S72. 


ylllN.   dtt  fic. 
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Pem/tkifiu  (rrtlriiithi  \tv  Derloj*     Here  the  sexual  at 
apterous  aacxual  &niiu«K  «-liieh  |ir>:idai<e  the  i:&lL>i,)in<l  t; 
nri'  tijr  winged  asexHAl  gBDenxtitrti':   which  ore  dUpcneti  ati< 
wiiitfj.     The  Kfirodootton  of  i''ktr»m  mul  phiflfn/-rr,i  is  li 
pUuc of  thprivi|jttr>ia»t!L>nerAti>:>iis there  U«^  ■:.i':j 

i»l*"»  )ir<«]noe8  ef;^  ca|iable  of  ilen-Ioping  ;  .:r'i;< 

femnleK  of  the  fir-tree  liw  pass  thu  winter  st  the  base  or  Uin  jtoom  l«»l^ 
incru»*e  in  sixe  in  iiprin^  in  the  »ame  pln4.-e.  uniier^  ai-rontl  ni<)ult>,  andiii  i 
[lamlvr  of  ccks.  The  yoaiijt,  when  luttched,  pierce  the  swoUrn  poiiitoH  lata 
of  the  vounK  <iho<its  arxl  prtnlueo  isMs.  They  (leTcIop  hjler  into  wini^r*!  Imiln. 
In  Phi/ll«jTra  •jarrrH;  tiexiilcs  the  two  exmemtioas,  tiicre  it>  HfinihiT  t'lOU' 
lioo,  whieh  aiipears  in  nutiuun  niid  coiisi«t«  of  very  snuill  movable  raoliMMit 
females  (without  gneturinl  pn>h(»cis  or  alimenlMry  can-.U).  Thenc  lUiimiUimie' 
from  two  kind))  i>f  k^*  wliich  are  Uiil  on  the  nxita.  The  feiiuile'.  afl»r  mjhiU-i 
tion,  la,T«  oulr  a  single  t^g.  It  is  Uic  nme  with  the  f»mou«  ^Ine-lioe  {fi, 
nutatrije),  the   lame  of  which    \»»  the   winter  uu   the   R»ta  of  tbc  ni» 

(fig.473).  Tlie  pr)nci|i»lnicaii» 

of  the  Aphiiici.  are  tlie  liimt  <<  ■ 

the  IrkKrvnumida  (AfMn)\\ 

Sf/rphiHa,  CocrtmrUawtMIf''^ 

rohidfr, 

a.  Leaf-lieo,  *.«t.  Sehiunnt ' 
laitiprra  HartK.,  on  appk  I'f*- 
iMrktmt  ;/iai  L.,   /•.  Jflt*^'' 
I...   I.. /lift   1...  Apliit  Woutt 
L.,  .(.  rntir  I- 

''.  Bark-lior.  <VriiWJ  «*»<'' 
L.,  rk.  UriHt  Harts,  /'^jl- 
loj-rra  >/ii<->vtuT.  Hcjtl.olnnJt- 
leaTv*.  /'*.  rattalrU,  rint- 
li»-e,  with  win(!v"il  aivl  »ptcw 
genorftUoiin. 

Knni.    FiyUida  (>V»n.rf«i, 
leaf-HcjU.    AiiU'iii 
ten  !'-'int=.  Itltlirfi 


i 


Fib.  4751. — i'AjWo«T<'  ntttiirir.  u,  WinirldM  rnol-kiuae 
Haa  from  tlie  Iwck,  It,  frim  Uie  Tantral  ilufkca. 
c  Wlnjfwl  torm. 


leg*  serve  for  sjiringiiig.     Their  puuctnre  often  m- 
and  learoa.    P*fUn«lni  L,,  Liria  junoomm  Latr. 

SiUi-ovler  3.  Homoptera-Cicadaha.  Both  \m\rs  of  wings  wv,  «> 
It  tnile,  nieuihrunoiin.  Souietiiiws  the  ffoiit  pair  i»  «)ri»c«m>,  ti"' 
ti-nnsparent  unci  colotn-ed.  Tliey  lie,  when  «t  r*«t,  ohliijuely  on  tli' 
Ixxlv.  The  lieail  is  i-chitivelv  larjre,  iitnl  often  jin)li)nji»«il  iiilo  ftw- 
c«>M<s.  Tlie  jTwtrum  always  afi-ses  low  (lo^\'ll,»n(l  upjiareutly  lieiwi*" 
the  front  legs ;  it  hiut  three  joiiit«.  lii  many  species  the  hin>)  l<'ir> 
mv  Hpriiifrinjf  lejjs,  with  wliieh  th<?  iiiiiiniil  juiuprs  In-fort'  fli|,'ht.  Tli» 
femules  hiivc  iiii  (»\'i|X).sit<>r,  ami  often  liiy  the  eggs  lioneHtL  th»'  '•t^' 
and  in  the  twigs  of  plants.  The  larvin  of  larger  s|iecteti  mux  li«* 
sevtrnl  yean*  (fig.  474). 
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Kain.  Cicadellide  (Kleiniirpcn).  Jn'tni  biguttiitiiii  Fabr.,  Lrdra  aurita 
L.,  Tfttiffi'Hia  rilfiitn  L.  Ajih rnjihiira .  Tbu  [jrothorax  is  trape/.oitial  (seren- 
coraereil).  The  larra;  eject  n  bubljly  fonm  out  of  the  auus  {(.'uckoo-npittle), 
and  envelop  themselves  in  it.  Tlie  wing  covers  are  coriaceous.  Posterior 
liliiif  have  three  stronjf  spine*.     A.  n/mnuirut  L. 

Knru.  Membracida  (BuckeUir|K;u).  (^entrotiu  cormitm  L.,  Mcmhrarit 
latfniUt  Fiiiir. 

Fani.  Fnlgorida  (I^uchtisirjien).  In  many  species  the  abdomen  is  thickly 
covered  with  long  strings  and  Hakes  of  wax,  which  in  one  siwcies  l_Flata 
limhata)  is  so  richly  secreted  that   it  is  collected  and  sold  as  Chinese  wax. 

fvlgara  laternaria  L.,  the  Iniitern  carrier  of  Surinam,  is  erroneously  said  by 
Merian  to  emit  light  from  its  lantern-'ihapeil  fnmtal  process.  F.  candrlaria 
I*,  tliinesi-  lantern-carrier.  Lijttra  hinata  I...  and  other  American  spceies. 
yiata  limbata  Fabr..  China. 

Fam.  Cieadida  =  Stridolantia  (Sini^'jcadcn).  I'he  thick  abdomen  of  the 
male  is  provided  with  ii  voice  orjjan,  which  produces  Inuil.  shrill,  chirping 
Kiuuds  (tiir.  474).  They  are  very  shy,  and  remain  conceale<l  l>etwceu  knves  in 
the  day  time.  They 
feed  on  the  juices 
of  young  *h<x)t>.,  and 
their  puncture  i-au.sc.« 
a  flow  of  sweet  jiliint 
juices,  which  harden 
utid  Ix^.'oni*;  ma  nun 
{CiratfA  orni  L., 
8icily).  The  females 
liavc  a  saw-like  ovi- 
positor placed  l>e- 
tweeji  two  jointed 
ralves.  The  larva?, 
when  batched,  crawl 
on  the  earth,  into 
which  they  burrow 
with  their  shovel-like 
front  legH,  and  suck 
tlie  juice  of  roots. 
I'iruda  nnti  I,.,  South  Europe 
twuth  Germany. 


Pic.   471.— Cinif'tt    om    (sfter    Packsnl).    a,  lArva.    (, 
r,  Male,     Tf,  Bintmifr  apponttu*. 


Pupa. 


(\»rj)teimtreiw  Falir^  Brazil.    C.  hii-matnilr'  L., 


Sub-order  4.  Hemiptera  (Bu|yr'^).  The  wings  of  the  fix>nt  i>nii'  are  half 
homy  und  half  inenihr.mous  {/finleli/tru),  and  lie  horizontally  on  the 
body.  Many  .sjiecies  are  apteixm.s,  n.s  are  the  feiimles  of  M>ine  species 
of  which  the  nuvles  have  wings.  The  tirst  thoracic  segment  i.n  birge, 
atiil  freely  moveable.  TJie  j)fobo.sci.s  arises  from  the  frontal  region, 
and  when  at  rest  usually  lie.s  folded  beneath  the  thorax.  Some 
Bpecies  of  the  Rejituvidtf  produce  a  shrill  sound,  as  PiniUt  utriiluhu, 
Ijy  the  movement  of  the  neck  on  the  prothorax. 

7W/«;  1.  Hydrocores  =  Hydfocorisse  (Water-bugv).  The  nntenn«» 
are  hhorler  than  the  liwul.  liiiviug  only  three  or  four  joints,  and  are 
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more  or   lens   hiiUlen   from    view.     The   rostrmn    is  short. 
fe«d  on  iiiiiiual  jtiioeiK. 

Knro.  Notonaotida  ( Riiokeniicbwlmmer).     thriea  ttriat/i  L.,  X'^tvoeeta  yUic* j 
Ij.,  water-but;. 

Kkiii.    Kepidv,  wntvr-Rcorpiriiw    (fig,  476),     yavrorit    fimiroUtt  U.  yf 
flnrren  I..,  waler-«corpion.  Riinaira  liiwaru  L. 

Trihf '2.  Geocores  (Liinil-bags).     Antcniia"  ilirfict<«l  f orwHnli",  nod ' 
of  meKiiuin  It-iigtli,  Imving  four  or  live  jomts.    The  rosUiim  is  m 
long. 

Fam.  Hydrometridn    {Plotcret)  ( WnsBcrlSufcr).     Hydromftra  Itu-tutr^ 
Limm/btitin  ttiniiuinini  I...  I  Wirt  rinilnriim  L»tr. 

Fiim.  BAdayida    iAV(/w Hdi)    (Schreitwaniien).      Reitiri—  pcrfimlu  I<.,| 
Piriitjn  itriihihit  Kabr.,  South  Europe. 

Fam,  AoanlhiadB  ( JArm'/rrtiwirri),  skin-liug»,     Awnthia  Irttttlaria  L. 
bng.     Ariii/im  ilr/mjiirnt  Kiilir.  {curtiailit  L.I. 

Kniti.  OaptidB  (Blind wntuen).  (Mjmu  Cri/tteitttil., 
Virit  frrntievt  I.. 

Fam.  Lygsida  [I.t/r/mKlfi)  i  I.j>n(rwiuii:cii  i.    /-Jj"*] 
rqiiftrit  I...  I'^rrh^wnrit  npUriu  L.  I Kcucpciowi). 
Fnni.    Coreida    [CorrniU/i)    (Kaiirlwanxen).     '.'« 
iiiaiyiniitH'  I..,    IIi/Jhii  ralrarattit  L. 

K«m,  Fentstomida  (Sehildwan/.en  i.    I'rHtatomtjnf'^ 
//era  L.,  P.  riijij/n  I.,,  y*.  olcraera. 


Flo.   trS.— JVi";»l   einn^t 
(r^guonniinal). 

stiLte  of  matters. 


Or>i«r  6.— Dipten  *  (Antliata). 

InsectH  irit/i  pirrciiuj  aii<l  xuckini/  mwitk  l^'- 
iifitJi  meiubfaiiouJi  front  witif/s,  Thf  Itittii  im«jt 
reduC'l  to  gmnlJ  kimfis  {haUeret).  Thf  mrtnmi'f- 
p/i't»ui  it  coHij/l-eJi: 

Tin?  de^gntition  of  tJiis  onler.  which  i»  'l*- 
rived  from  the  apparent  mimher  of  the  »""-'■ 
does  not  coiTespond  accurately  to  the  uctmi 
Two  pairs  of  wings  are  present,  the  front  p*"' 
always  a.s  large  glassy  and  tiiinspaifiit  plates,  the  liind  jiair  in  « 
rudimentary  condition  as  stalked  knobs  (/inltrrrt).  On  the  innw 
margin  of  the  front  wingn  two  lo1>es  are  marked  off  br  ind«ntiilian.<  '• 
an   ont4»r  lobe  (aluln),  and  an  inner  one  {squariia)  whidi  nuiy  wtW 

•  .1.  \V.  Meigen,  "  Systcmatische  Beschroibuiitr  <Ut  )>cknnnt4:n  cutviiiiiMslni' 
zweifliij^cligcn  In(iocU.'n,"  7  Tlicile.  .inchon,  IH18.1M38. 

WiwleninnD,  "  .\iis§<ireuropaisrbe  iweiHiieelige  Insecteo,"  3  nii-ilt",  lUmB 
182.S-IK3U. 

N.  Wagner.  ■•  I'ebcr  die  viriparon  (JallmiickenlarTcn."  Zrittf^r  *«>  .»,« 
Jiool..  Tom.  XV..  ISCS. 

\.  Wei.ssmunn.  "  Die  Kntwickclnng  dcr  Dipteren.'  Lei|Miig.  18(54. 

A.  WeiMinann.  **  Die  .Metninor]ihcMe  der  Corelhra  plnmicnrni*,"  IbtMi. 
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the  hind  wings.    The  latter  are  composed  of  a  spherical  head  at  the 
end  of  a  thin  stalk.     Lejdig  described  at  the  base  of  the  halteres  a 
ganglion  with  nervous  rods,  which  he  concluded  was  an  auditory 
apparatus.     The  head  is  freely  moveable,  and  usually  spherical  in 
form.     It  is  articulated  to  a  short  and  narrow  neck,  and   is  dis- 
tinguished   by    the   large   facetted    eyes,   which    in    the  male   sex 
may  meet    in   the  median   Line  of    the    face    and    frontal    region. 
There  are  as  a  rule  three  ocelli.     The  antennte  are  constructed  on 
two  different  types ;  they  may  either  be  very  short  and  composed 
of  three  Joints,  frequently  bearing  a  tactile  hair  at  the  extremity 
{arista),  or  they  may  be  filiform  and  of  considerable  length  and 
composed  of  a  great  number  of  joints.     But  since  in  the  first  case 
the  terminal  joint  is  again  divided  into  a  number  of  smaller  joints, 
and  the  tactUe  hair  may  be  also  jointed,  it  is  impossible  to  draw  a 
sharp  distinction  between  the  two  types.  "  The  mouth  parts  form  the 
land  of  suctorial  tube  known  as  a  proboscis  (hausteUum),  in  which 
the  jaws  (mandibles  and  maxillse)  and  an  unpaired  rod  {epipliaiynx) 
attached  to  the  upper  lip  may  ajipear  as  homj-,  setiform  or  knife- 
cihaped  piercing  organs.     When  the   maxillae  only  are  present  a& 
paired  rods,  the  unpaired  piercing  stylet  seems  to  correspond  to  the 
fosed  mandibles.    The  proboscis,  which  is  principally  formed  by  the 
labium,  ends  with  a  swollen  spongy  tongue,  and  is  without  labial 
palps,  while  the  maxillae  are  provided  with  palps,  which,  in  cases  of 
fusion  with  the  labium,  are  situated  on  the  proboscis.    The  abdomen 
is  frequently  stalked,  and  consists  of  five  to  nine  segments.    The  legs 
have  five-jointed  tarsuses,  which  end  with  claws  and  usually  with 
sole-like  lobes  for  attachment. 

The  nervous  system  presents  very  different  degrees  of  concentra- 
tion according  to  the  length  of  the  body.  While  in  flies  of  very 
stout  build,  the  ganglia  of  the  abdomen  and  thoiux  fuse  together  to 
form  a  common  thoracic  ganglion ;  in  the  Diptera  with  longer 
bodies,  not  only  are  the  three  thoracic  ganglia  distinct,  but  several, 
even  five  or  six,  separate  abdominal  ganglia  are  present.  With 
regard  to  the  alimentary  canal,  the  presence  of  a  stalked  suctorial 
stomach  a.s  an  appendage  of  the  oesophagus  and  the  number — four — 
of  the  Malpighian  tubes  may  be  mentioned.  The  two  tracheal 
trunks  are  dilated  to  two  great  vesicular  sacs  at  the  ba.se  of  the 
abdomen.  This  is  coiTelated  with  the  power  of  active  flight  possessed 
by  these  insects. 

The  male  genital  organs  consist  of  two  oval  testes  with  short  vasa 
deferentia,  to  which  are  added   firm  copulatorj'  appendages.    The 
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ovaries  are  not  connected  with  any  special   buiisa  copnlatrix. 
liave    three    i-eceptacula    seminiti   in   conneotion    viith    the 
(tig.  4-t!»),  iind  often  end  with  ii  retiuctile  o\iix)sitor. 

There  is  rarely  a  striking  diH'erence  between  the  two  i#xei. 
males  have  ns  a  rule  brger  eye«,  which  in  some  owes  meet  end)  otlifl 
in    the    uitldlc   line  ;    their   alidonien  also  is  frequently  iliffemit 
shaped  to  that  of  the  female,  and  in  excejitional  ca-ses  the  colounu 
is  ditTei-ent  {/ii(/io).     The  mouth-paits,  too,  may  ditTer  :  for  esAinjiii 
the  male  gad-flies  (^Ttihunid-rc)  are  wHthout  the  knife-shaped  tiuui<i 
V)1ps,   which  form   the  principal  part  of  the  female  amuiture.    Tb« 
males  uf  the  Vvlicidir  also  aiv  without   the  piercing  we«ponN<iad 
have  multiarticulate  hairy  antennie,  while  the  antemue  of  tlie  fen 
a.re  lilifoi-m,  and  are  composed  of  fewer  joints. 

Tlie  mettvmorphoms  is  complete, 
the  larvje,  which  are  usnally  »{»1« 
have  either  a  cWrly  separate  hf! 
with  antennie  and  ocelli  (most'  .Vf«»ii 
eeni),  or  a  short,  usually  retn 
cephalic  i\>gion,  without  ant^nw 
eyes  (at  most  ivith  an  X-shnpHJ 
ment  spot),  with  <{uite  nidituentk 
mouth  parts,  sometimes  with  two  tin 
hooks,  f'eiving  for  attachment 

In  tJie  tirst  cn«e  tJje  larvw  huB 
masticating  mouth-parts  and  few! 
other  nnimals  ;  in  the  latt«'  cai*  tli^ 
are  known  as  maggot**  nnd  siirk 
duid.s  or  semi-litjuid  suhstances.  AfM 
seveml  moidts  the  lan'K>  either  rliao| 
skin  to  j>upn'  (P.  cofirctdln),  or  au>\^^ 
the  larval  skin  iut<  tran.sformed  into  moving  j>upa>  (/'.  i^l*cta).  «l 
often  swim  freely  in  water,  and  tuay  be  provided  with  tnu'hcal  | 
The  tlilfei-ence-s  which  the  development  of  the  Mnugeil  insnrt  fn 
the  larval  organi.sm  pi-esents  in  the  two  iriwips  h.ne  liei-u  iilnw^ 
mentioned  (p.  .'iSlI). 

•Many  Diptent  when  flying  give  ris*-  to  laitzing  -ouikU     Tht«J 

wuwed  by  the  \-ibi-ations  of   various  pirts  of  the   body  :  |«irtly  i 

Ktid    partly    of    the    segments    of    the    abdomen, 

1    <\f   tliff  ,.,i;, ^.,...,,,t„g   „„   the   four  stigmntu  of 

_'ins  of  the  stigmata,  the  tniclii 
two    ilelicatelv    folded   Imflet^  »l 


FlO.  we.-  Utlaithniimt  onmn.     t,  ff.,,. 
I«>»<»<»|  ffultut  (after  Pukanl). 

within  the  hanlene.l  laruil 


DIPTERA. 


575 


w 


set  in  \-ilrrnlion  benenth  two  external  valves  by  the  expiration 
air. 

8uh-order  1.  Pupipara*  (ti)f.  476).  Lice  flie.s.  Tlie  Jxxly  is 
i«tout ;  the  thitt;  tlionicic  se>{nient6  ni-e  ftiKcd  together,  the  abdomen 
is  brood  and  often  flattened.  The  antennse  are  short,  and  often 
.consist  of  hut  two  joints.  Tlie  Miu-t-orial  proV)o.sc'i.s  L*  fomie<l  liy  the 
Upper  lip  (labi-uni)  and  the  maxillM-.  The  legs  are  provided  with 
ithed  clasping  clawn,  and  the  wings  may  !«  mdimentary  or 
t.  Tlie  development  of  the  enibi-yo  and  of  the  lami  tnke.s 
in  the  uterus-like  vagina.  Tlie  maggot  which  i».sues  from  tlie 
egg  (without  pharyngeal  framework  or  buccal  hooks)  .swallows  the 
Hecretion  of  large  glandular  a])j>en<1nges  of  the  uterus  (fig.  451)  :  it 
undergoes  several  moults,  and  is  conijiletely  developed  when  it  in 
bom,  which  occurs  ju.st  before  it  eiitei-H  the  pupal  stage.  They  are 
parasitic,  like  lice,  on  the  skin 
of  warm-blooded  animals,  rarely 
of  iniiectfi. 

Brauln  rufa,  Nitjtuch..  He<'  Iou'<c. 
Syetrrihiii  jMtreiUri  Curt.,  without 
<ryex  aud  is  para-sitir  <in  sjiecip*  of 
VeM|XTtilio,  Vrjflphag»it  nrinvji  T/.. 
shf-eptick.  A»it/irni  jmlHiin  Mrij.',. 
|inrri-i(ic  on  Swallows.  Jlijtjmliiiiiiii 
ffvina  L.,  lionte-louH'. 

Sub-order     2.      Brachycera 
(Flies).     Body  of  very  various 
•hape,     freijuently    thick     and    v^°-  vn—nattmykUoi  .«»•  (»fier  ¥.  BrBuer). 
Mout,  with   an   atxlomen  com- 
posed of  from  five  to  eight  segments.     Antennw  short,  and  usually 
cnrajx)sc<l    of   three    joints    with    large,    usually    seixnidarily    ringe<l 

nninal    joint,   to   which    Is   Httache<i    a    simple    or    ringetl   bristle. 

ings  are  almost  always  present.  The  laixn-  live  in  decaying 
'matter  in  ejirth  and  water,  partly  alst>  as  pani.sites  ;  they  are,  in 
great  part,,  maggot.s  with  hooke<l  jaws,  and  jm-ss  into  the  pupal 
stage  within  the  moulted  cask-shape<l  larval  skin  (fig.  477).  ilany 
of  them  have  the  fomi  of  a  pupa  obtecta. 

Tril>e  1.  Mnscaria.  With  frontal  vesicle;  prolMKtcis  usually  with 
flexfay  terminal  lolie ;  maxilla;  ivs  a  rule  aborted  ;  larvie  mthout  jaw 

•  L.  Uufour.'"  fetuili'B  anHt<imiq)ie*  ct  physioiopiiues  sur  Ics  Insect<,'.«  Dipt^ren 
4o  Is  famillr  <1cb  PupiiiiuP!'."     Attn.  //(•»  Sr.  .Vnt..  11.  ner..  Tom.  HI.,  1H4.3. 

U.  L«-U('lciirt.  '•  I  lit'  KoiiiiHnnnuii);  un'l  Kntwickclungder  J^piparen."  Jlihanil. 
der  natvrf.  GetrlUehaft  -w  llaUr,  Tom.  IV. 
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ciipsnle  and  a«  a  rule  with   two  or  four  oral  hooks.     The  pUfKWt 
ttlnTivs  Imri-el-shapeil. 

Faui.  FhoridM.     Phora  iHeroMata  Meig.    Lire  #s  Urric  in  fiee  hinsk 

Fain.  Acalypten.  Triijietii  Cardiii  L.,  Tr.  tiyitata  Meig.,  is  ohtflja.  | 
CliloriijiD  linralu  Fnhr.  (Weircnfliege),  Lnrv*  iu  blades  of  grass.  Setttftitt*  i 
itcri'iiruiiii  I...  liimjf-tiies,  tm  iluiig  liea|i'-.     Pu>jihila  rnjiri  L.,  chcesc-flici 

Fom.  Mnacids.     Miura  tlomfftica  L.,  house-fly.     .V.  «Vc«or  I..  iGijlcltlifj«>.1 
M.  tomitoritt  L.,  tile  alxjoiuoii  is  of  a  shiniucr  blue  i.-oloiir.     ,W.  rWarrnw  L, ] 
(.Aasflicgc).      Sarciiphaga    nirnariti    L.    (Fleinchflicp;).  Tiviparoiis.     7ii'*i' 
jiMjjarum  Kabr.,  T.  (^Chryuintiui)  riniiit  Knll.,  T.  graua  L..  2!  /arroniipi  L  Tbtl 
Iiirv*  arf  ]>anisific,  ]irinripiilly  in  cater|iiUars. 

Kitm.  Conopida.  t'i>H-'pt  fliivijMn  L..  the  larva*  lire  iii  tUc  »l<li>nea<f  | 
U^mfHo/ifrra.     C.  rtifijv  Kolir.  (in  (K/tijimla'). 

Fam.  Stomoxyida.  Stomviyn  caleitraH*  I^  (Stechfliege).  reieablei  tkt 
liouse-tiy. 

Fam.  (Eitrida*  (Kiesflicgen).    The  probcMcis  is  aborted.    The  {eui»l<*  iim 
an  ovipositor  and  lay  their  tg'gs  or  their  li\-ing  larrae    (in   which   ax  the 
OTi[K)sitor  is  ahmnt)  on  certain  places  on  Mammalia,  e^.,  in  tlie  nattril*  nil 
Stags,  or  on  the  brea-it  of  the.Hursc.     The  larvii-  with  dcntated  iKxij  nn«.| 
and  frequently  with  ural  hooks,  live  in  the  frontal  sinnscs,  Ixui-ath  thi;«iili"j 
and  even  in  the  stomach  of  certain  Mammalia,     Under  the  skin  ihcy  pr<lnc»l 
lioils.     Uijpiidrrma  IwriA    L.      U.   Arti/wH    Br.,  on  the  Stag.     J/.  tan»i<  1-f 
Di  rmiitiibia    humiiiit   Gondot,  on    Uiiminants,   frtiiltf    (Jaguar')  and  Mtu  aj 
SiiDth  .\mcrica.     (Ktlrut  nMriharhit  VVicd.     The  larva  are  brr.uglit  by  llicflia 
into  the  nasal  cavities  of  the  Stag.     Qattrvi  (tiattrnjiliiliu)  ri/oi  Ftlv.  i.^i't 
477).     The  ejETg  is  de(>ositcd  on  the  breast  of  the  Horse,  and  licked  off  bv  ilwl 
latter.     Tlie  larva,  when  hatched,  attaches  itself  to  the  walls  of  the  Momadi  ^ 
its  oral  hooks,  luidcnjocs  several  moults,  and  is  passed  with  tlie  ciciemeaBj 
lieforc  the  iiujial  st4ige. 

Fam.  Syrphidc  (.Schwebfliegen).  Sj/rjilin*  jnnutri  I..,  Eritlalu  tent  W 
JC.  irMiu*  Kabr.     1  jirvie  with  respiratory  tul>e,  in  sewers  and  stagnant  walcf 

Kttui.  Platypeiida  (Pikfliegeu).    PI.  bxhtina  Fall. 

Tribe  2.  Tanystomata.  Tlio  probost-is  is  usually  long  awl  h««I 
styliform  predatory  jaws,     l^nie  with  jaw  slteath  and  hooked  j»«'*.l 

Fiun.  DoIiGhopodidn.     IMiliehtij/Ki  ju-niinttif  iivis.     D.  itiikHit/Uts  \^ 

Fani.  Empids  (  lanztlieven).     J:'m/iit  trttelala  Kabr. 

Fnni.  Aailida  (&iiibtUogen).  Aniliu  grrmoHicv*  L..  J.  emi/t>M{/<n«'' l- 
Luphr'ia  i/ihhoMi  Kabr.     L.JIaTii  Kabr. 

Fain.  Bombyliids  (Hiunmeltlieircn).  .4«f/ir/ix  moWii  Fabr.  (W«»ar««  KalL)i 
The  lorvne  live  in  the  nests  of  JlryiichUe  wvraria  and  Omnia  trieof* 
ik*mbylivx  vuijor  L.,  B,  mtil'wx  I.. 

Fam.  Henopiida.     Urnniit  gilihnnit  L.   (Miindhoroflio^).     L»»'ui  jIatiUf' 
Wied. 

Fnni.  TherevidtB  (  \i/lnt,iuiir).  (Stilcttflicgen).  Thrrrra  ammvUUi  Fstt 
Tb.  jtlrbijii  L..  SfcHi*piHHti /rHi'ntrtiliit  1,. 

Faiu.  Tabanids    (Uadflies).     I'rolHiseis   short,  tioriaontally  |a«]eettng, 
provided  with  six  or  four  (male)  stylets  and  two-jointed  palj>.    latiwl 

•  F.  Braucr,  "  Monojrraphie  Ucr  OCslriden."    Wleii.  IMS. 
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the  knife-aba|H.-<l  mandiMes  are  wanting.  Their  |)anctare  is  (wrere,  and  they 
PTick  blwifl.  Chrytppt  canitiiHt  L..  Tahannt  hnrtiiH'  L.  (Rindcrbrcmse). 
//irmatojiptii  jilurialit  I..  (Rcsfeiiliromsc). 

Vnm.  IrCptidn  (Sohncpfenfliqfen).  L/ptU  tcolopneea  I,.,  L.  rrrmilfo  L.. 
South  Kiirofie.  The  larva  dijni  holes  in  the  sand,  and  then.',  like  the  Ant-lion, 
oapfureH  ins(.vt*i. 

Fam.  Xylophagida  ( Holzfliegen).  Xj/U>pkagini  marnlatHt  fa.hT.  The  hirvre 
lire  in  t>cerh  wikkI.     Brrit  rlaripm  1j. 

Kam.  Btratiamjidae  (Waffenfliopen).  SfnidiuHi/t  rhamiclriiH  L..  St,  Odim 
towyia  hyilrttlron.  K..  Sarijuit  rHprnriv*  L. 

8ub-onler  3.  Nemocera  (Tipularise).  Loiighorns  (tig.  478). 
Dipl^rti  of  elongiilecl  fomi,  with  ninny-jointed,  ii-sually  filiform, 
aiitenjia-,  which  ui  the  males  are  sometimas  tufted.  They  have  long 
sleiiiler  legs,  and  large, 
iwked  or  hiiirj'  wings. 
The  {wiips  are  UKnally 
of  i-onsideiTtlile  length, 
nuil  with  four  or  five 
joiiiU.  The  prolxwcis 
is  short  iinil  fleshy, 
Mid  oft«n  iirnied  with 
piercing  Ket«>.  Tlie 
halteres  are  free.  The 
larvw  have  usually  a 
perfectly  <lifferentiftteil 
heii<l  {Euc^p/nJa), more 
rarely  a  retrnctiJe  jaw 
aipsule(  TiptiJi'/ff,Cfcl- 
ilomi/iu) ;  they  live  in 
wat^r,  in  earth,  and 
in  vegetalile  matter 
(galln  and  fungi),  and  nome  of  them  have  ii  respiratoiy  tulje. 
Aft-er  moulting  the  larva]  .skin  tlie  euoephaloiis  larvie  beconje  (piieti- 
cent  or  freely  moveable  pupie  ;  the  latter  ai-e  jmivided  with  ti-acheal 
giU.s  on  the  neck  and  tail.  The  insect  wlien  hatolieil  .swims,  till  the 
wing:4  are  liar<l,  on  the  buc^t  pupal  iikin  a«  on  a  Ixmt.  The  femalei* 
of  raimy  species  suck  blooil  (gnats),  and  become  a  veritable  pest  in 
certnin  districts  whei-e  the}'  ajipeur  in  swarms. 

Kani.  Bibionida  (Mutci/iirmf').  Ikxly  fly-like  ;  antcnnii'  mx-  to  elcvcn- 
liatcd.  The  AlMlonicn  lia>i  seven  sejrments.  Uihin  marri  L..  B.  hurtuloHiit  I,, 
malc^  are  liliiek.  the  females  brick  red  with  a  Idock  beail.  Simvlin  nptnim 
L.,  X  riilumlmrtr/irtutu  Falir.  (Kolumbaczor  Miicke).  Suck  blood,  lu  Hun- 
gary th<-v  atta<-k  the  lienls  nf  cattle  in  swarms. 

37 


Pio.  nB.—CKiilom!ii<t  leiiiei  (after   Wagner),    n,  Ftmala 
with  protnulpfl  ovipo«itor.    b,  Larva,    e.  Pupa. 
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Fam.  FnngieolB  CPiliinUcken).  Tlie  larv«e,  wliirh  ore  without  nrflmmu 
fwt  on  tilt*  seconU  segment,  live  in  fiinjri.  Seiani  Tkiikt  L.  The  Utrj:  Wtnre  ] 
entering  the  pnpnl  sta^c  cfimc  together  in  (rreat  number*,  uiii  w.tu'kr  »hool  u  ) 
long  sinnoHs  obftins.  Mt/n-tuj/hila  fnn'ii  Meig.,  (I'ilcuiiii-kc),  .SnVyjAi/n  w>rt-\ 
lata  Fiibr.  (StbiittemiiUrkc). 

Fitiii.  HocttiifonnM  ( owl-liko  gnsta).    I'tgrhoda  jiholam'ult*  l..,  l^c)ni)'l<^ 
(ontntiiiiuitii  I..  (Kiiltonmilcke). 

Knm.    ClUioifonnu.     The  lanie  live  iu  water,  in  rotten  wood,  or  in  auii  , 
fhiritHt^tHiin  jttiiiHinruji  L..   Cori'thra  fiiumivor»iM^  Frtbr.      Tbc  lame  bawl 
tracbcal  ve-iclc  ami  n  circle  <A  »ct:e  cm  tbc  aiml  s^ment ;  live  in  «-«ter. 

Fam.  CaUoida  (gn«ts>.     The  larvre  live  in  water  and  have  rcsjMr&tor;  lal»l 
and  a|)[>endaget<  at  the  postcriur  end  of  tbe  liody.     Ciilrj;pipitns  \,.  |  AingniQrkrljf 
Tlic  |ialp  o{  the  male  is  tuftod  And  longer  tbaii  the  probuseis.    Hie  (emtM 
Kting. 

Fam.  OalUoola  (gall-flleii).     The  larvK  live  in  gallx.     CrriJoMiyta  ilrtmeni'  ] 


Fio.  4ro.— «,  Pufw  urioM  i  (artcrTuchcnlierg).  .iAnlcniuii  V/.  Maatllarriiolp-  '.I' 

nt  PmUs  ifriUiiu. 

Kay,  HcKsiau  fly.    Notorioiu>  iu  tlie  Uniteil  State*  a«  a  destroyer  of  en 
the  year  I77H.     Jniportetl  (!')  into  the  eounlry  in  straw  hy  tbe  Hciwian 
C.  tritiri  Kirb.,  in   wheat.     C.  u-riiliiui   I^jcw.   C  luiiirit  Svkrk.  etc    Th» 
paitiuK  Inrvie  beluiig  to  tbe  genu*  Miartor. 

Fam.  lamnobiidM  (SehnukeiiV      Tbi'    larvn'    are   foiiiul  in  earth  or  toB*! 
wood.      Ti/iiilii  olnacra   L.,  (Kohbic'bnBken).      Cttunphora  mtrata  I.  ( 
inlicke). 

Suli-iiiiler  4.   Aphemiptera  (Flea.*;).      Diptrm,  w-ith  latemllyt 
|ji-eKS<.*<l    body  uiid  di.stinclly  .sf{>anite<l   thonicip   liuf^.      Wiojp 
ubtietit,  bttt  thei«  ui-e  two  lat^i-ul  plate-Iikf  Hp]>piid»g«a  on  tlic  i 
niiil    nieta-thom.x.     Tlie    :iiitciiiiK'    Hit>  vevy    short    ami    ariw  iu 
(lepit5s.si<in   Itehhid   tlit?  siiiiplt'  (x>olli.     The  uiuudiblex  have  the  to 
of  toothetl  naw-like  stylets,  the  nuixillv  are  broitti  phitM  with  fo 
joiuted  pulps.     The   iitnUn-    lip   (labiitm)  U  t)iree-joiiit<!<i  niiil  foi 


di 
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he  proboscis  sheatli.      The   larvie   li;i\-e  a    ilLntiiK-l   IiwhI  and    jaws 
(fig.  479). 

Kani.  PnlicidB.     PhIit  irritmu   I,.,  flea   of   man.      The  dorsal  surface  of 

;  nialc  ii  (xuicaTe  and  serves  fur  the  reception  of  the  larger  female.     The  large 

lame    Iiave  a  distinctly    8e))nrate<l    head,  and   live    in   sawdust    and 

en  txords,  where  the  elon^ate<l  oval  etofs  are  deixwited.     SarcojnylUi 

ftntKt  L.,    sand-flen  (Chipie),    lives  free  in   South  Atnerica   in    the  sand 

(fip.  two.     The  female  however  Ijon^s  into  the  skin  of  the  human  foot  and  of 

rariuus  Mammalia,  and  there  deposits  the  eggs.     The  escaping  larvse  give  rise 

I  ulcers. 

Onler  7. — ^Lepidoptera''^  (Buttei-flies). 

InatcU  witli  tuctorinl  tiioiU/i  parts,  whidi  form  a  tjnraUy  roHnl 
oboteis,  wit/i  four  mmxUvr  winys  which  are  completely  covered  with 
tealet,  irith/iiseif  protJiorar  and  comphJe  nutamorphofils. 

Tlie  haul  w  uiovealjly  Hitictilated  iiiul  thickly  covered  with  hairs. 

bears    eemi- 

ular  facetted 

es    and    etonie- 

times  two  ocelli. 

The  anteniise  are 

wajA    Htniight 

and    m  a  n  y - 

ited,  but  vary 

Iich     ill     form,    Fi«.   mi.— a,  nnviil  remiile  of  Sanofitlh  frnrtraiu.    i,  Foot  of  a 
,    .  ,^  ^.  flcM  mouse  «Uli  Kliriichopriou  Httachcil  (after  H.  KarMvn). 

fieiujj;  often  seti- 

ioi-m  or  lilifomi,  or  even  club-.shapetl,  and  not  rarely  denticulate  or 
tinate.  Tlie  mouth  parte  are  niodiiied  for  sncking  up  duid 
iirishnient,  especially  the  nectar  of  Howers,  Imt  aiv  occasionally 
IT  -sliort  and  hardly  capable  of  l>eing  u.sed.  The  upper  lip  and 
dible^  are  reduced  to  rudiment«,  but  the  maxillie  are  elongated 
d  clojtely  jointeil,  and  their  inner  sides  are  groove<l,  ao  that  when 
iplied  together  they  form  a  tiil>e — the  .-.pirally  rolle<l  prol>o«;L-N 
481).  The  proboacia  is  furnished  with  small  spuies  uaed  for 
ring  the  nectarie*!  of  flowers  ;  while  the  nectar  ascend^  througli 
itato  the  mouth,  lM?ing  .sucke«l  up  by  pumping  movements  of  the 

'  E.  J.  C.   E.sper,  "  Die  europaischen  Schmetterlinge  in  Abbildiiogeu   nach 
,    Natur.  mil  Beschreibungen."    7  B<lc.  Krlangen,  1777-181)5. 
~Y.  Ochsenheiiner  und  F.  Treitachlce,  •'  Uia  Schmetterlinge  von  Europa.''     10 

ie.  Lei|'/.i):.  Iwi7.|K3r>. 

W,   H<-rrich-S.-hiiffer.  ■■  .Systenuitische  ihschreibtmg  der  tichmetterlinge  Ton 

urojia."     ■••'-I'    "•• '•■tislicuv.  IfW-lSSr.. 

W.  Uerr  .  "  lA-piiloptemrum  exoticontm  species  norc  aut  miuu* 

Bitw.    V-  i8S0-i.H*;.'>. 
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jveably  articulated  und  thickly  covered  with  hairs. 
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«nopha)f^s.  The  maxilUry  palps  are  nn  ft  nile  ruilimeutAry  (rirrpt 
in  the  Tinfultr).  W}»eii  ut  rewt  the  probcwcLs  lies  rolled  up  t*ne«tli 
Uie  mouth,  and  on  either  side  of  it  are  placed  the  lurge  thrw-joinial 
labial  palps,  which  are  often  tufted  with  buirti  and  are  latnated  nn 
the  nidimentan-  triaugiilar  lower  lip. 

The  three  ihoi'Sfic  rinjpi  are  intimately  fus«l  with  one  another,  *aA 
like  almost  i\ll  external  part.s  of  the  Ixxly  are  tliickly  covered  with 
hikirs.  The  wingis  are  iu  motit  ca!«es  ver)'  large,  but  in  rareouK 
are  i|aite  rudimentary'  (female  GeomHridtw) ;  the  anterioran  tl» 
largest,  and  are  distinpil-ihed  by  their  partial  or  couipIeW'  coverinr  of 
scale-like  hairs  which  overlap  one  another  in  n  tectiform  nuiiinw, 
and  Cft«i!ie  the  extremely  varions  colouring,  tracing,  and  iridesc«Di«  of 
the  wings.     These  softles  cousiit  of  small,  umuiIIv  finely  n'bM  «iul 

tootheil    plnt«$,  wliiob 
■^vJH  \  nre  Att«<-hed  by  strli- 

form  roots  in  porw  of 
the  integiuneut  irf  il* 
wings   »nd   arp  «)B1- 
purable     to    flattentHl 
oTit  hjurs.    They»ri*» 
dnring      the      pupJ  I 
period.     The  anmn|»- 1 
meut  of  the  nerniiwJ 
is  of  systematic  wluc.  ' 
The  essential  nmiu^ 
meut  is  «  large  mediui  | 
cell  u*«r  the  root  nf 
the  wing,  from  whifhj 
six     to    eight    xtXvA\ 
nervures   pa>«*  t<»  tli"! 
external  UtermI  edges,  whfle  wAwm  and  l>elow  the  middle  c*ll  sin»,'lej 
twiependwit  nermreis  ran  pftrallel  to  Ute  upper  or  lower  frioHi 
nmrpM.     The   two   pftiis  of    wings  are  frequently  ooniiect«<l  wilij 
«■«  MM^her  by  nrtinMola,  the  npfer  edge  of  the  hind   wing*  1>« 
covereit  by  sfms  or  setie,  whMi  catHi  in  a  banil  of  the  anterifl 
wiag&     The  legs  are  delimte  and  «-e«k.  tl»«r  tibia,  are  armed  wtl 
cpon  «i  eoBfiileimWe  site.     Tfce  larsoses  ar«  iu  general  tive-joiiitc 
T1m«  aMooMii  1ms  six  or  se^'en  -^gineots  and  in  thickly  cwpec«>l  <ntl 
lutirK  and  «kIs  nu*  uiifi«(|aRitly  "^"♦''  •  <'-'r!^_dy  {«raje«ting  toft  ( 

VerrMS  tjHea. — ^Tbe  hmin  i«  l<i-lubeii,  and  is  provided  with  l«r| 


(aftar  ataigBf) :  a. 
Mm.  aMxairk ;  U,  Uhte) 
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jtic  loban,  and  specijil  swelliu^.->  i'oi'  the  oiijfiii  of  the  aiiteunal 
Brves.  The  ventral  gaugliouic  chain  is  i-eduoeil,  learingthe  suImpso- 
m^ft^al  gaugliou  out  of  coiLiiilenition,  to  two  thomcio  ^'augliu  (of  wliich 
le  larger  .-#i'<inil  ganglion  shows  tiwi-es  of  const  rietioiis  and  ai-Lsew 
from  the  fusion  of  four  ganglia)  and  four  or  five  ganglia  in  the 
Hlnionien.  In  the  larval  condition,  on  the  other  hand,  there  ai-e 
eleven  piii-s  of  ventnil  gjinglia. 

fcThe  alimentary   canal   ()o«iet>.sei<  li    long    (esophagus,    whieh    is 
nnecteil    with   a  stalked  suctorial  stonuich.  and  usually  -six  much 
iletl  Malpighian  tulies,  of  which  tht»  three  on  either  siile  open  by  a 
common  duct  (tigs.  47  and  48). 

Oenerative  organs. — The  ovaries  consist  on  either  .side  of  four 
very  long  ia:iny-chanil>ered  egg-tul>e.s,  which  contain  a  great  quantity 
of  eggs,  and  have,  in  conse<jnence,  a.  moniliform  appeatunce.  The 
duct  appanitus  alway.-<  jHxsscsses  a  long-stalked  rec*[)tacuhim  seniinis 
with  glandidm-  ftpj»endage.s,  and  a  large 
bursa    i-opulatrix   which    opens   indepen- 

•deutly  beueatli  the  genital  opening.    The 
|wo  long  testicular  canals  are  packed  to- 
gether .so  as  to  form  iin  nnpaiifd,  usually 
brightly  cnloured   IkxIv.  froui  which   pass 
^febii'  the    two   vasa  deferentia,   wtiich  .-ire 
much    convohite<l    and    i-eceive  the  con- 
tenth  of  two  acce.s.sory  glandular   tubes 
^■before  uniting  to  form  a  ductus  ejucu-    Tto.t,H.>.—a;remmenfF.fci>fkfiir 
latori«.s.     Tlie   two   .sexes  are   often   ko 
diffei-ent  in   size,  coloui-,  and  the  sti-uc- 
ture   of    the    wings,    that    thei-e    is    a    sexual    dinioii)hi>ni.      The 
males  are  often  more  brightly  and   beautifully  coloui-ed  (a  means 
of  exciting  the  femnles).     The  dimoiphisni,  or  even   polymor|ihism 
^bseiLsonal  dimorphism),  found  in   ttie  female  sex  of  niiiny  buttertliei*, 
^n.s  worthy  of  i-emark.     Parthenogenesis  <kvui-s  exce|)tioually  in  silk- 
worms (Bnmhi/x  mori),  in  many  I'm/cJiulir,  and  some  motbi>  (Soleno- 
UAiii),  tln^  liirVM-liki-  females  of  which  have  no  wings  (fig.  482). 
^B     Development. — The    larva"   when     hatched    (caterpillars)    possess 
^Bia«ticating  mouth  iwrts  and  feed  principiUy  on  pLintK,  leaves  and 
^»'uod.     On  the  head,  which   is  large   and  covered  with  hai-d  skin, 
^^M^ere  are  a   pair  of  thi-ee-jointed   antennR-    and  sis  ocelli,  each  of 
^prhicb  in  (lidded  into  three  jiarts.     In  all  Ruses  there  are  abdominal 
feet    behind    the    three   j«iii-s   of    conical   five-jointed  thonicic  legs. 
Thei-e  may  be  only  two  jwirs  of  such  legs,  as  in  the  catei-pilki-s  of  the 


&,  Male,    e.  Cum)  of  the  mule ;    tf, 
of  the  female  oaterpillBr. 
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fiffim/ttridt^,  (jt  fire  puTNi  wiiek  riufg  '-mjubic  ii  -ais  -aixi  ij  ■asaxil 
and  tb«  butt  abdnaninal  ~'y»»»Tir^  1^  utMsuiIlMg*  -^ci^m^  ilca- 
•^ivet  before  paMn^  inuj  tte  piBi^  '^^*^  ^  floae  xncaeuii  aaiee,  or 
tbej  9^n  «oeoof»  umI  becrvie  TcssifOiraiiiiC  sua  mtom  tmu^.  £m 
'viiitfa  the  wijijBed  maec-  i:«a<-  -eDsais'  3L  x  %v  ■rnakt-  sr  a  (W 
foQovixMC  yaw.  The  wir-i*;  izt-wr's.  i»  a  nie.  x^--  mly  2ar  *  A* 
dxM^  and  die  after  eopa!ikrs£  ^sii  jnoif  ^sr  ■'*^  Smk  cf  t^M. 
ttim'^rsrr.  ptue  dK  winter  in  iu^^rM  'nnmart-    £$»« 

W  t£je  perseeotkA  wUek  \hirc  ssSec  frna  ■■«  '-^^  /gi.«>^.ifc.«»"fe  u^ 
T-fdkiattrvt.  Foaeu  iiMii'i  i  rf  rfcTsacfief  Sikt?  ""Jwsi  yjnaii  i.  satiPf 
iBrsa:>xi»  asri  ia_  a^«r.     IxB=«rB>'  daiasneacaaL  :t  -ant  L/fi-iftfr* 

!:£'-«  :.  Mknicfiiafttim.  "^^xj  -miS.  and  aeiiskC^iy  fcnxd 
i>wi?w«cr^.  ^acaZy  wiii  ircj:  secif-r-rai  a&:<Ka».  Tie  cuirptlki? 
iwve  «»  a  n>  -icoeK  ««».  -^^  wiiea  12*  ar«i?«fisiu  5s«  aw-  ptwMsI 
wiia.  a  CTt*  .-t  Bocfe  rrtrrri  li*  rtif.  Maav  «  t£«BL  't««^  pos**?** 
ZL  ihit  »jr<i]KA.jaBk  of  jekrc^  ccbers  iive  in  iekvie.  fcMied  cogttkr. 
i2»£  ;ca«as  ia.  '^nar^     ^mk-  fp«"  are  focstd  in  ■»*»«■.  •?.<_  AW/W" 


f'-fc-r  ="  ■i*'^'"^   T—    N    ■-.<*- — -"^  ^~^:!L.  rl-  t^-c  *-"~*"^   >   .;:er:K    1-- 
.-it -er:  ■_-**•    -^i.-'-ir-r-    .'~t  -i.  >!>:ct  st,^     "^rr-t    f  t.>rzi  t^;  *■•l:^^■  ;»irt".^-- 

.Tfcvr-.L.-k*-  'd  ■»":_  ;.-  jTti  X  .  n_-*    t'x'  "i<*  £""»ir_     T,  *r:.  r..»^,  j  I —  .  F'':-^—  ■'*■  ■ 
r.  'x.j<z^''-^  L,     Tl-.--- -  -    .--^  _     V-'  •:'•'-— ri'.t'-- 

_-»»-?—-.*  ^  Tr..    :.  ;  Im?-.      fr-.      •   .'Mi-t-y^x     s^m-'wtl-*   I — :::  aij.-;^. 

~t-      PyraliiCc     Z_^-.-t  .       • -m'r^t    «*r*'.ViM     I—    i/  '»■«    >•'!■—.'■»  I-. 

Ti.'  '-T-— ::i_    .V-  p-*^  •■-•»^***."  J  I_    S**:r:*:<tr). 

Trl*  2.  Gcoaetziiia.  Lc«:f^T>.  For  the  most  part  of  sl«jiler  b«i!<l 
.-in  i  urirh  lir^  wings,  which  in  t>-po«e  are  tectifonn.  The  anteniw 
•■uv  ?<rri!V-rti;  ind  the  >n.>al  ;oint  l-  thickene«i.  The  oaterjiillars  hare 
wt.  :o  twrlve  feet  :  thev  luove  in  a  locking  manner.     Wlien  at  rest 

*  C.'crar'.-  XI.  Hrr  ;  L  •  Er  rw-^cV- '.-!..>pi*c-".'ht'f  'ier  Si.-hmettorlinp-." 
Cassel  end  Marbure.  !»:-.. 
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they  cling  witli  the  posterior  feet.     !Miiuy  species  iire  luirtful  to  fruit 
trees. 

Fam.  PhytomatridaB.  Larentia  pojmlata  L.,  CheimatobUi  hrumata  L.,  frost 
bntterflies.  The  females,  which  have  radimentary  wings,  lay  their  exgs  on  the 
tmnkf)  of  frnit  trees  in  late  autamn. 

Fam.  Oeadromatrida.  Acidalia  orhreata  Scop.,  Onmittra  papWumaria  li., 
Ahraxat  (Zerene')  gnutuUiriata  L.,  harlequin,  Magpie  Moth. 

Tribe  3.  Hoctnina  (Eulen).  Nocturnal  Lepidoptera  with  bix>ad 
body  which  is  narrower  behind,  and  dull  coloured  wings.  The 
antennse  are  long  and  setiform,  in  the  male  sometimes  pectinate. 
The  wings  when  at  rest  are  tectiform.  The  legs  are  long  and  have 
strong  spurs  on  the  tibiae.  The  caterpillars,  which  are  sometimes 
naked,  sometimes  covered  with  hairs,  have  usually  sixteen,  more 
rarely,  in  consequence  of  the  reduction  or  absence  of  the  anterior 
legs,  fourteen  or  twelve  legs.  The  greater  number  pass  the  pnpal 
stage  in  the  earth. 

Kam.  OpUiisida  (Ordensbander).  Catoeala  paranympha  L.  (gelbes  Ordeiis- 
band).  C.  froj-ini  L.  (blaues  Ordeiisband).  C.  iiupta  L.,  C  npimta  L.,  C. 
promuta  Es]i.  (rothe  Ordensbander). 

Kam.  Finsiadn  (Groldeuleu).     Pliuia  gamma  L.,  PI.  chryiitU  L. 

Fam.  AgrotidsB.     Agruth  tegetum  tr.  A.  tritici  L..  Tripluena  proitiiba  L. 

Fam.  Ortlioiiad*.     Orthotuijota  L. 

Fam.  CnenlliadB.     Cucallia  terhatri  L.,  C.  abngiitkil  L, 

Fam.  Aoionyetida.  Acronycta p»i  L.,  A.  rum'u>i*  L.,  DUoha  cieruleorephala 
L.    The  caterpillar  is  harmful  to  fruit  trees. 

Tribe  4.  Bombycina  (Spinner).  Nocturnal  Lepulopfera  of  clumsy 
btiild,  with  body  thickly  covered  witli  hairs  so  as  often  to  have 
a  woolly  appeanince.  The  antennie  are  setiform,  and  in  the  male 
pectinate.  The  wings  are  tolerably  broad  and  tectiform  when  at  rest. 
The  larger  and  clumsier  females  fly  but  little  ;  but  the  males,  which 
are  often  brightly  coloui-ed,  move  with  greater  rapitlity.  In  some 
cases  the  wings  are  reduced  (Orgyia)  or  are  absent  {Psydte)  in  the 
female  sex.  The  eggs,  which  are  often  laid  in  groups  and  are  covered 
with  a  woolly  mass,  give  origin  to  caterpillai-s  with  sixteen  legs  and 
a  thick  covering  of  hairs ;  the  caterpillars  spin  complete  cocoons  in 
which  they  become  pupee  above  ground.  The  caterpillars  of  some 
species  live  together  in  common  cocoons ;  some  (Psychidce)  prepare  a 
sac  in  which  they  conceal  their  bodie-s.     Parthenogenesis  occurs. 

Fam.  Enprapiad*  (Barenspinncr).  The  caterpillars  with  very  long  hairs,  are 
known  as  bear  caterpillars.    Euprepia  caja  L.,  E plantagiai',  etc. 

Fam.  liparidas.  Liparit  numaclta  L.,  the  caterpillar  is  very  harmful  to  leafy 
trees  and  Coniferte.  L.  diJipar  h.,  Orgyia  aittiqua  L.  The  female  is  apterous. 
0.  QJOatyehira)  pudibutida  L. 
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Kani.  Hotodontida.  Ni<ti<ili>iita  zirun  I^,  .V.  drnmeiariut  L.  fWfl»u^ 
]>ri>erttwHfii  I...  the  caterpillars  lire  on  oAk«.  Harpgm  rimnls  L  (0*lxl> 
N;bwniix).  Tlic  ratcri^tiUar  has  |>)ittryng«aJ  (fUnil  and  xwo  protnw^ilf  tia 
liluitic-ntf. 

Kam.  Bombyeida.  <rii'lri>i>acha  qMn-ifulia  L.  (Kupfirirlm-kc).  G  joUf'-M 
L..  tf  mhi  1,.,  ^il.  y;i»i  I„,  i'lituiciimiM  mmitria  L.  ;  Jiomh^x  mart  L.  >i!k- 
•piuner  originallr  front  South  Asia,  >>ut  now  bred  iu  South  Eurofie  Mni  Ituu 
nn  nccuunt  of  the  «ilk  obtainix)  from  it&  (-(iroiins.  The  calerpUliu'  («ilkw'VB) 
lives  ou  the  lc»vrj«  of  tlii-  maDxTTy.  (The  diacAse  of  tilkwunua,  Xbe  miurtrdiK, 
is  prodiicc<1  by  Jii'tri/ti'  lUniiima). 

Turn.  Batunidc  Snlvmia  jiyri  Borkh.  X  rarjiini.  tpimi  Bcirkb.,  Jfflww 
et/iUku,  }<i«/<im«i.  r<-<rri>/<>a  cultivntc'l  for  silk,  ^t^/ia  Ian  I.. 

Fmd.  Piyekida.  The  caterpillars  carrj  about  sack*  iti  which  tbry  aie  ban*- 
fnnned  into  |iU)JH*.  Ptyrh*  atra  L.,  Pm.  hrlix  L.  The  mo  are  fpimllr  rnilal 
and  hare  a  «eci>mllatcral  opening,  and  arr  lUlferent  in  the  lw(>  «:xca.  TaMi 
■t/WW/.i  Hl>. 

Fam   Zjgm^im.    X^aHa  JilipemtltiUc  L. 

Fatu.  Couida.    Tlic  L-aterpillan>  liw  noiitly  in  tliv  inL-Uuiia  <ii  plants 
JiyiH|>rn/ii   Knlir..  avvli  L..  //(y/io/w  hnrntili  L.    The  caterpillar  lire iakif 
nwt«. 

Tribe  5.  Sphingina  (8cli«iu-mer).  Lfpiduptrra  with  elon^ted  liody, 
points*]  at  the  eud,  Hnd  usunlly  a  veiy  lon^  rolled  |)rol<usci>.    Ths  | 
anterior  wings  are  long  nQ<l  itarrow.     Tiie    bind  win^  ai«  Klir>rt. 
,  The  antenntp  are  short,  anil,  as  n  nile,  taper  at  the  point*     Tlie  ymxff  ] 
lie  when  at  rest  horizontallr  on  the  body  and  alu-a,>'s  hare  a  ivtltvi- 
culttu.    The  ca(<t>rt>i liars  are  ilat,  and  pronded  with  an  nual  iiom  aud 
«ixt«c«i  lef^     TLf y  pn^  their  pupal  titage  in  the  eHrtli.    The  xiiiill  I 
inaects   fly  about    in   the  twilight,   i<ome    impede!*    alk)    in  the  ii»f  j 
(J/aonpytof). 


i 


Kaau  iMiate.    ^«m  fiformt  U.  R  hn^tvi/trmu  Hb. 
n^L    •pkiagMa.      UaA-tDotb*.     Mamftaa*   »lrlUtantm   L.    (linlK 
i),  HoBmin^-bird  Hairk-ma«lis.    Spi^n-r  rlpmor  I..,  £.  parxfUtt 
ruiiiufcaliBMl)    X  .\>rii  ^Oleanderrliwannor),  X  ramr^lmJi  L..  .IritvmC' 
'  «f  r«ywi  L.  Jtath  hot    Tbe  catcqiillar  Utxs  un  potatoes,    .■^arria/i**  f^^ 
L  V  hy|>fir)wk««iBer).  &  tHi*  t.  (LindunaHivifiniMr).  .V  ^eriUtn'  L  (>Vbi 
•X  Kred  Havk-oaoth. 


TriN>  6.  BkqwlMaa.      Duty  bottntfieii.     Lrpi'/.^/.irm  of  el^ 
build,  «u*»Oy  witb  bristly  ooloared  wiogs.    Tlu-  iuiieiiiut?  trn  do 
sha)^>  tv  kaobbcU  at  Ike  end.    The  l^gs  ue  slender.     The  tiU*'  o! 
it'      '-  '  -  tefr?  MTV  sborL  and  aoaetintes  redac«d.     The  Rlni}Kd^«r» 
\t  .  anti  whea  at  nast  hold  the  wings  npri^ht.  often  npiiM 

li^'tiMr.     TW  oitaffattars  haw  axteea  feet,  and  mt«  either  nukol 
tbk^hr  OKwred  vith  haiiv  aad  cpiaes.    lltey  develop,  for  the  iu>4 
)«wi  vithkWt  onroob^  and  attM^cd  to  extmieoa&  objertci  by  dlir 
tnK>  til*  p«p».  vkiclt  is  a(W«  of  a  shining  nataUio  coUmit. 
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f^K   Kam.  Heiparids.     Sejjitria  romma  L.,  J/,  tyleaimt  Scbii. 

Kaiu.  Lyeaenida  {Pjili/Kiiiniatiilir).  (lllSulinftu).  Piili/mnmafnt  Arion  L., 
P.  Damiin  Kiihr.  P.  rirgaiinir  I..,  T/irrln  rnbri  L..  green  hairslreak.  T.  qmrfHt 
L.,  pur|ilL-  Imir  streak.  7".  hilutir  L. 

Fam.  Satyrids.  Salyrun  Britrh  I..,  S.  Hrrmiimr  \..,  Sn-bia  Bsdr.  (,Uip- 
jmrrlii/i  Kalir.).  A'.  Janini  L.,  etc. 

Fam.  Hymphalidn.  The  caterpilliir*  liave  spiny  out  jr(i\vth.s,mrely  ojvcreJ 
wTtli  fiiie  Imirs.  The  pupn  is  nttaclioi  liy  its  postc'rior  extremity.  Ajiatuni 
irit  L.  (purple  emperor).  Xi)«(«i7i» ywyiw/i  L.  (Kisvogcl).  Vanttiu  prnria  L. 
(  I'.  Irrana  is  the  sprinj;  generation).  K  rariiiii  L.,  paiuteii  lady.  l'.  atalanta 
L.,  Admiral.  I'.  (i»/(»/«i  I,.  (Ciinilierwell  l«aiuty ).  I'.  »o  L.,  peacuck,  V.vrtictr 
L.. (Kleiner  Fuchs),  sniflll  liirIoi.«e.«lii:'ll.  Atgi/MHi*  jmphin  L.,  silver-wnshcd 
FritiUarj.  .1.  uiilaia  L.  (dark  {.Teen  Kritillary),  Mrtitira  c'lHj-ia  L. 

Fam.  Piarida  (Wei<sliiiife).  Pifrit  crattrgi  L.  Blafkreincd  white.  P. 
hriiMicft   L.,   Iiiree    white    (Ki.bl- 


weisiiling).  J',  iiaj/i  I..,  ijrecn- 
Teined  white.  P.  nijitr  I..,  small 
white.     CiiUat  liyale  I-..  C  ihnmii'i 

(Citninonvdijel). 

Fam.  Eqnitida.  Pujiilio  Poda- 
lirimi  L..  J'.  MuchunM  I..  (.Swallow- 
tail). Doritu  .{fx'llu  L.  The 
fetnales  have  a  (luuch-like  ap- 
pendage at  tlie  pooterior  end  of 
the  body. 


^^ni 


Order  8. — Coleoptera.* 


*- 


Pio.  483,— HjKfni/iUlm  |ii«r»>  (rtgne  animl). 
Beetle.    1,  Lurra.    r,  Pupu. 


JuJtecls  witJi  maHictituvj 
VHintli-jiiirlii  tttui  hiiriiif  f'roiil 
wiiii/K  (teyiiiina).  Prothorax 
freely  movefible.  Tli*  vieta- 
vtorp/w»i»  ia  citmpletr. 

The  chief  chamcteis  of  this  hirge,  but  tolembly  well-detined,  group 
W  insects  tiepeiul  upon  tlie  ttnictuif  of  the  wing,".  Iji  the  httite  of 
rest  the  anterior  wings,  a«  wing-covers  (elytni),  cover  the  posterior 
^—jueuibnuiou.s  wiug.'^  whicli  are  tntDKversely  and  lougitucHunlly 
^Bolded,.iiud  lie  horizonUvUy  on  tlie  alHloiuen  (fig.  4,83).  The  hind 
^nlring!^  alona  are  used  in  tlight,  while  the  front  wings  are  ino<lifJed  to 
^^»erforin  a  protective  function,  and  usually  corresixiiul  in  size  and 
form  to   the  soft-skinned  dorsal  surface  of  the  abdominal  region,  of 


•  W.  E.  KricbsiJii.    "Zur  systematiBchcn    Kcnntniss   der    Iiwec-tenlarven," 
Irvliir/iir   yuturijrteh..  Tom'.   VII..   VIII..  and  XIII. 
Tb.  Ijvi'onlaire.  -(ri-nL-ra  des  ColAiiitere.^,"  I'arin,  1854-lSCr.. 
L.  Ilcdtenljooher,  "  Kauua  Aiistriaea,  die  Kiifer,"  H  AuH.  Wien..  \%''A. 
(lemminger  und  Harold.  "  (.'.-itfihiiatus  Coleopti-ronim,  etc.."  Mfinchen,  1868. 
Kowalevski  I.e..  '•  Kiitwickcluiijj-jtL'si-hichte  des  Hydro|ihilus.  cte." 
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which,  however,  they  leave  in  some  cn^es  the  last  segment  {p>/giiliiti>i)A 
in  other  cases  (SluiJiylimf)  neverol  ^9e^Dentfi,  exposed  A/ 
,  rule,  when  the  inFects  are  ikt  rest,  the  straight  intei-nol  nlgesi 
both  wing-covers  are  shut  closely  together,  while  the  outer  e(lgi«  urtl 
bent  nnintl  the  sides  of  the  iib«lonien.  Sometimes,  the  iunrr  rAfP*  lim 
the  wings  are  fused  together,  so  that  the  jxiwer  of  flight  i(| 
abolished.  In  ntre  i-nses  the  wings  ai*  alw^igether  abeenl.  Tl*! 
head  ia  seldom  free,  hut  as  a  nile  is  sunk  into  the  freely  mmwU*! 
prothorajt,  and  l)enrs  very  variously  shHpe<],  usually  elF\-en-juiut<<d,l 
antenna*.      In  the  male  the  latter  are  of  considerable  •ize  and  Imv*| 

a  considerable  extent  of  surface.    OccU 
are  with  few  exceptions  absent,  bat  th 
facetted   eyes  are  only  absent   in  orrl 
blind  s{>ecies,   which    live  in  oives.    Tli* 
mouth   {Mirts  are  adapte<l  for  nia»'tiatling 
iind  biting,    iind    sometimes  show  tnuw- 
tiniiul  fotTUK  to  those  of  the  ffi/nifiinptTii, 
The    maxillary    palps  are    usually  icw 
jointed  and  the  labial   ptilps  three- joint* 
In  the  pi'e<lat<iry  lieetles,  the  esteinul  lob 
of  the  maxilla  lia.s  a  (Ktlplike  form  anil 
articulation.     The  labium,  which  is 
plified  by  the  rttluction  of  its  partis  U 
nu-e  ca^e^   elongated    to   form  a  dirida 
tongue.      The   large    prothonix    (oervio 
shield)  is  moveably  lU-tictilatt^l  with  th 
mesothora.\.  which  is  usually  weakly 
velojted ;  and    on  it,    as    well    as   on  tti 

*.r.iuiuv««-»u.ti,ct,ruaa«ii  °t'>^''  tnonicic  segments,  tbe    pleura  el 
book*  oD  the  Bfth  lUidnmiiuU  tend   on    to     the    st.emHl    surface. 

legs  vary  very  much  in  shaiio,  l-ut  uhuau 
•end  with  a  five-,  rarely  with  a  four-jointed  taraua.  The  taraiis  ' 
rarely  composed  of  a  smaller  number  (from  one  to  th«?e)  of  joint! 
llie 'abdomen  is  attached  to  the  metathorax  by  its  broad  ba*«>,  i 
always  possesses  a  greater  number  of  don<al  than  of  ventral  pla 
of  which  some  may  fuse  with  one  another.  The  smaller  teinuir 
segment*  ai'e  usually  ivtracteil  and  i-oucealeil  by  the  prei-eding. 

The  nervous  system  uf  the  ('vUvpt^rn  varies  in  the  greater  or  le» 
•coucentriitiiiu  of  the  ventral  ganglionic  cord.  Tlie  subaesophageftl 
ganglion  is  followetl  by  two  or  three  thoracic  ganglia,  with  the 
posterior  of  which  one  or  two  abdominal   ganglia  may  be  fusMl.     In 
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the  abdomen  there  are  usually  a  series  of  separate  ganglia  (2  to  7). 
The  latter  may,  however,  fuse  together  to  form  a  long  mass  or  be 
drawn  into  the  thoracic  ganglia. 

The  long- coiled  alimentary  canal  dilates  in  the  carnivorous  beetles 
to  form  a  gizzard,  which  is  followed  by  a  shaggy  chyUfic  ventricle. 
The  number  of  Malpighian  tubes  is,  as  in  Lepidoptei-a,  confined  to 
four  or  six. 

The  males  and  females  are  ea.sily  distinguished  by  the  form  and 
size  of  the  anteniue,  the  structure  of  the  tarsal  joints,  and  by  special 
relations  of  size,  form  and  colour.  In  the  female  the  numerous  egg- 
tubes  unite  in  very  various  arrangements,  and  a  bursa  copulatrix  is 
often  present.  The  males  possess  a  large  horny  penis,  which,  when 
at  rest,  is  retracted  into  the  abdomen  and  Ls 
protruded  by  means  of  a  powerful  muscular 
apparatus. 

Almost  all  the  larvie  have  mouth  parts 
adapted  for  biting,  rarely  suctorial  pincers. 
They  feed  under  the  most  different  conditions, 
as  a  rule  concealed  and  removed  from  the 
light,  and  usually  in  the  same  way  as  the 
perfect  insect.  They  are  either  gi-ub-like  and 
apodal,  but  with  a  distinctly  developed  head 
(CurciUtonidce),  or  they  pos.sess,  in  addition  to 
the  three  pairs  of  legs  on  the  thorax,  also 
htumpti  on  the  lajst  abdominal  segments. 

Many  larvw,  as  those  of  the  Cicinddo',,  have 
a  peculiar  apparatus  for  capturing  their  prey  ^^^  ^  _^  ^^^^^  _^_.^^ 
(fig.  484).  In  place  of  the  facetted  eyes,  which  ««».  »,  suaru  huttmUu 
have  not  yet  appeared,  ocelli  are  present  in  gneanimai). 
varying  number  and  position.  Some  beetle  larvae,  like  the  larvse  of 
the  Diptera  and  Hi/menoptera,  live  as  parasites  and  feed  inside  bees 
nests  on  the  eggs  and  honey  (Meloe,  Sitaris)  (fig.  485).  The  pupte 
of  beetles,  which  are  either  suspended  and  attached  to  objects  or  lie 
on  the  earth  or  in  holes,  have  their  limbs  freely  projecting. 

Fossil  Coleopteni  are  found  in  coal  formations  and  are  specially 
numerous  in  amber. 

Tribe  1.  Cryptotetramera-Psendotrimera.  The  tarsuses  are  com- 
posed of  four  joints,  of  which  one  joint  is  rudimentan'.  Latreille 
considered  them  to  be  three-jointed. 

Fam.  Coeeinellidat  (Lady  Birds).  CuccinrU'i  teptempunctata  L.  The  larvao 
feed  on  Aphides.     Chiloeonm  btjnirtiilatut  L. 
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Koui.  XndomyoMdai  (Piltkiifcr).      Eudom<je\iu  eoenneiu  I.   l^cuprriixt 
mirciiictii  L. 

Tribe  2.   Cryptopentamera  =  Pseudotetramera.     One  joint  of  th«J 
five-joiute<i  tartiuK  it<  reduced  and  coucealeil. 

Kriin.  CKryfomalida  (Blattkiifcr).     The  adult  insects  are  miMtlr  of  *  hr^riit'^ 
colour  mill  iip(i  on  Uures.    Tbcir  l/irva.-  have  a  cylindrical  thick-set  IxpIt,  whicfc  I 
ia  very  (ronLT»lly  (.■ovcrol  with  warts  and  spiny  iiroraiueuees  ;  they  «l«i»y>>U»v» 
«cll-(levclniieil   lfif8  ;  they   likewise  fee"!  ou   Icaveis   into  the    ]«ireuchyTna  of 
which  some  uf  them  (Uitjw)  hnrrow,  and  |>reseut  the  (leculiarity  of  nsinj;  Ihn 
excrements  to  |irciJi»re  cascK    which    they  carry  aUmt    with  Ihcm  (<7yr*r 
Cnjjil iirrjihiil iijt),     Ueforc  enterin^r  the  |iu|«l  Ktage  thuy  attach  themselriv  i 
leaves  by  the   hind  eml  of  their  Ixxiy.     Ualtira  ulrriwea  KaJir.     Haniifii< 
CHlihaire  ieavo..     /.imi  jh'/ihH  h.      ('liri/iiiwirUi  rariam  Fahr. 

Kam.  Cenmbjtiim  (_J^i'Hgii;trnw)  (ItockkSfer).     S<imu  »|)e«ics  (Zdmu)| 
duce  a  peculiar  sound  liy  ruhhiui;  the  bend  aiininftt  the  prothonut.  The  eU>ng»t4 
d^rub-like  larTie  have  a  horny  head  with  powerfid  mandilile*.  ^hurt  •ntutina!,  i 
umially  no  legs  or  ocelli.    They  live  in  wood,  in  which  they  bore  pa»«ge»  i 
sometimes  rausr  i^rcat  damage.     Liimiii  trxlur  I..,  (Teramigf  henu  Soiji-  > 
crr/lti  Fabr.,  J'ru'ntm  citrittrlvM  Kubr. 

Kiuu.  Boitrychidc  (Uorkenkiifer').     Colei^iitrrii  of  small  st»c  and  cyUndria 
Ixxly  i<h«|ic.     The  larvie   arc  of  utout  cylindrical  aha|>c  and  without  lejr». 
place  of  which  is  taken  by  ridue*  covered  with  hairs  like  those  of  the  <"»" 
livHiila:   The  mlnlt  iuseclf  and  larvie  Kire  passages  in  wimkUou  which  tiicy  I 
They  live  in  Pom|«nie.'»,  and  belonif  to  the  most  ilreade*!  dcstrviyers  of  fon 
of  conifers.     The  way    in   which    they  cat  into   the   bark    is   very   iw-ciilli 
lieing  characleristic  of  the  individual  s|iecies  and  indicivtive  of  their  mudf  i 
life.     The  two  sexes  muet  in  the  superficial  [>ass»i;i-a,  which  the  fcmAl>:,  nfti 
copulation,  continues  and  lenfrthcus  in  or<Ier  to  lay  her  ejfgs  in  pit*,  which  i 
hollows  out  for  that  jmrposc  at  the  end  of  them.    The  lame  when  batclinl  < 
out  latcnd  jiossa^es.  which,  as  the  larvae  increase  in  size  and  Bi;t  further  fn 
the  main  jaassag'e,  become  htrger  and  frive  rise  to  the  chanioteristic  marklq 
on  the  iiiiiiile  of  the  bark.     Bimtri/rlim  r)iiitcmjru]iliM»  L.,  Ji.  tj/pafrapktu  L« 
under  the  bark  of  pine-tre<'s,     /i.  ttritoijrajihH*  Uuft. 

Kam.  CuroulionidiB  (Rh's.selkiifer)    Weevils.    Head  prolotifrol  into  a  (>n>lic 
in    front.     L:irv;u  cylinilrieal,    without    or   with    very    ludimenUirj     hy* 
ocelli  ;  they  are  almost  entirely  phytophagoiLs  ;   and  indeed  Ihey  lire  nuder  I 
most  variou-s  conditions,  some  inside  buds  and  fruit,  othem  nnder  Hark, 
leaves,  or  in  wimI.     (iiliindrn  ijraHnriu    \.„  in  irrain   known  as   - 
worms.      JJalttnintu  Hurum   L.,   Nut-weeril.     Bylxbiiii  ahirtu   1 
frumrHtarium  I,. 

Trilip  3.  Heteromera.     The  tm-susej^  of  tlie  two  anterior 
legs  ai-p  ti\e-jr)iiupil,  of  the  |>o.stonor  piiir  four-jointed. 

Fani.  Oademerida.     Unlrmrra  rinnrrtu  L. 

Fani.  Keloids  iCantbaridaa).     They  fumi.-ih  a  subslam-e  iiwd  in  ibe  pfv|<a 
tion  of  vesicnnts.     The  l.irvie  live  i>nrtly  jmrasitioally  <in  in.*ci"ts,    (mMI 
nnder  the  bark  of  trees,  and  some  ••(  them  jmss  Iliri>ugli  u  complicate 
morpliosis  call(!il   by  Kabre  hypermelamorphosis  :    they   p<«s»<i»»  ni   fir 
pairs  of  le^ :  in  later  stages  they  lose  these,  and  the  body  aoquires  a  cyHnil 
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form  (fig.  <57).  ifeliw  L.  The  bcetlco  lire  in  grass,  and  when  toucbvtt  they  (rfye 
oat  au  ncriil  pungent  Haiti  bctwci-ii  the  juiuts  of  the  legs.  The  liirvie  civcp  on 
the  stalks  of  plants,  penetrato  into  tlie  llowers  of  AAclepiiulie,  Priiiiulnceic,  etc., 
M><1  attach  themnelves  fast  t<i  the  bdly  of  1)ec«  (frrf»('K/«ji  mrlitUr  Kirby).  in 
order  to  be  carrieil  to  the  hoes'  iieiit,  in  which  they  nourish  tlicmsclTc»  chiefly 
on  honey.  M.  jirniearabiriiM  L.,  M.  tiolacevt  Marsh.  Lyttu  rrtieatiirin  L., 
Spanish  fly.    Siuirm  hvmtralit  F'abr..  South  Europe  (fifr.  4K5). 

Kani.  BhipiphoridB.  The  htrvic  live  in  wasp  ne!>tH  (Jfrtmriu'),  or  in  the 
*b<l>iiii(.'ii  'jf  c'lKkroarhed  (llhipidiu*').     Rhipijihoeu*  bimaenliitxt  Fabr. 

Kam.  Cistelida.     Cittila /iilrij>eji  Kabr.  ('.  muriiiu  I.. 

Turn.  Tenebrionida.  7'enehriu  molitur  L.,  Larva  known  a«  mwl-worm.  Jilapn 
mvrliM'jii  I.. 

Tril»e  4.  Pentamera.     Tui-khs  usually  tive-jointed. 

Kam.  Xylophaga.  Tarsus  snuietinies  only  fonr-jointeil.  The  lanrsB  iiome- 
tinif  fi-eil  oil  ili'nd  aninuil  niattorK,  siinietinies  bore  i-ylindriciil  horizontal 
piMHigeii  in  wooil,  and  anj  thercfonr  destructive  to  furniture  anil  wikkIpu 
tiuit«ri«l  M  vvcll  as  to  living  tree*.  Ltjmcjrylon  luirale  L.,  on  dock-s  in  oak. 
AHi'biHM  itrrtimtje  L.,  death  watch,  pmluues  a  ticking  noise  in  wood.  Ptinvt 
fur  L.,  Pt.  rujijifii  Falir. 

Kam.  Claridn.  The  vnriepateil  Inr^-ie  live  under  bark  ami  for  the  most  [lart 
on  other  insects.  ('Irrvi  fiirmiciiriiit  I,.,  Trirh ivlr*  njiinriim  L.  The  hirva  is 
parasitic  in  Kcc-hive«. 

Fam.  Xalaoodermata.  MularhiMt  wnemi  Falir  CtiHtharig  {li-lephnrut) 
tU'laffa  I'ayk.,  C  fimea  L.  /^i iiijti/ri»  (icollr.,  (ilow-worm.  Kemale 
•pterous,  i>r  only  with  two  timall  scales.  Ij«ht  organs  in  the  nlxlomen 
L.  noctiltiea  L.,  X.  tjUrH^idulti  L.  Female  with  two  small  scales  instead  of 
wing-covers. 

Fani.  Elaterida  (Springkiifcr).  The  elougnted  l>i)dy  is  dialinirnislitsl  by  the 
very  free  articulation  l>etwien  the  prulhorax  and  mcsothora.v  :  and  by  the  pos- 
session of  a  spine  u|)on  the  profhofTix  which  tit.s  into  a  pit  nn  (he  nio&nthi)iiLx. 
These  t wo  arranitements  enable  the  lieetle  to  jump  uji  when  lyin>»  on  its  back. 
The  larva;  live  under  the  bark  of  trees  on  the  wixhI,  sometime*  in  the  roots  of 
grain  and  turnips,  and  may  be  very  destructive.  Aijru>t4it  liiiratiii  I..,  Lncon 
mvrtAKJiL.,  ElatmiaugHiiwuji  I,..  I'ynijilivnin  iioetilnrui  I,.,  in  Cnba,  prothumx 
dilated  to  the  form  of  a  vesicle  and  phos))hore8eent. 

Kam.  Bnpreitidae  (I'rachtkiifcr).  Body  elongated,  pointed  behind,  often 
briirhtly  rolourctl,  with  11  metallic  lustre.  The  elongated  vermiform  larva;  arc 
without  w.'elli  anil,  as  a  rule,  te;s ;  and  (nissejw  a  very  bmaikMiod  pMthorax. 

I  They  live  like  the  larvaj  of  the  (r  nimbijr'iHir.  to  which  they  present  a  Kcncral 
leserablanee,  in  wood,  and  bore  Hal  elli|>soidil  jeissaKcs.  Tnichijn  miimta.  I.., 
A'/rilm  bi'iiitfiilv*  Va.\>T.,  Jiujiritlit  rutliea  Frtlir..  II.  tin romturuUitii  Fabr. 
Fam.  Lamellicomia  (I'.lalihornkiifi-r).  The  aiitenuo!  are  seven-  to  eleven- 
jointed  ;  the  basal  joint  is  large,  and  the  terminal  joints  (three  to  seven)  are 
widcneij  to  a  fan  sha|>c.  In  many  the  anterior  legs  are  adapted  for  dijrging. 
Tlie  soft-skinned  larvie  (xtssess  a  horny  bead,  moderately  long  leg^  and  a  carved 
sMomcn,  which  is  dilateil  liehind  to  the  fonn  of  a  sac  ;  they  fecsl  sometimes  ou 
leaves  and  ro<it«.  sometimes  on  putrefying  vegetable  and  animal  substance*,  and 
enter  into  the  pujal  stage  after  two  or  three  years  sojourn  in  a  coeoou  beneath 
the  earth.  Ijuennv*  rrrtut  L.,  stag  beetle.  LarviB  in  rotten  wivkI  of  old  oaks. 
The  beetle  feeds  nn  the  s«p  which  comes  from  Ihe  oak.     L.  iiafiillrlijii^Hvlm  L., 
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Coprit  Imtaru  L.,   Aphniliv  luhtirranfHt    Kabr..    Oeotrupn  rrmnUt  L, 
ulrrevrariut  L.,    Ithiintrugiiii    milthtiiili'  I«,  Miliilontlm    mViirix  Fn'r.,  <"<ick- 
cbafi'i'.     The  Urvif  nt  first  live  lti)iet)>er  and  feetl  ou  fresh  vc_  ninta,! 

'ater  (in  the  »i>eond  and  third  yonrs)  on  roots,  wliieh  they  de-  :  inst  j 

datna^.     Towards  the  end  nf  the  fourfli  summer  the  ln-etle  ix  usiuUly  ii(;relii|«l  | 
fruiii  the  pu|iii,  which  lies  in  a  smuolh  n>und  hole,  but  it  remains  iu  the  earth  rilt 
tlic  next  sprinR.     ^V,  hijtjiKcattani  Kabr„  IWonia  atirata  L.,  Atmrkta  Mrrt  L. 
Orycte*  mitieorHi*  L. 

Fam.  Darmeitida  (Spcckkiifer).    Ah-ii-jfniii  pfllUt  I.,  (Pelzlciifer).     DcrmiUi 
liirihiriim  L.,  (Spi-ckkiifer). 

Fam.  Hi«t«rid»(.Slutr.kiifcr).  Ui'ter  iiiacMlatHi  L..  Ontuphtliu  ttrMituT*^. 

Fam.  Bilphidn  (AivskiiCer),      Iteetleii  ami  hirvie  hve  od  and  Uy  their  ch^ie^ 
decjmpoiiiiif; animnl  and  vcinitahle  matters:  some  of  them  ureu  attack  lina| 
insects  and  Inrvie.     When  attacked  many  defend  theniaelTcs  hy  the  ejwtlon  i 
n   stinkintf  anal  excretion.     Silpha  tlioi-aciai  Kiibr..    S.  ohncora  Kabr.  Sn 
plionu  crt//illo  Fnbr.,  A'.  grrma»icMii  Kabr.  (ToiltcngrSbci-). 

Kam.  Fielaphida.     Live  in   the  dark  under  Atones  and  in  oalonies  u(  i 
Pli'laplitm  llii'fi  Hirh«l.  ClariijiT  tettiirrtu  Pr. 

Fnni.   Staphylinidge    (Kutrderktlih^ler).      Mj/rmrihmiu    rnnaliculalt    Pal>^ 
Live  amoMs;  ;iul>.       Stii/i/ii/liHii'i  miii^illiuitu'  L.,  Onialium  rirvJ^in  I'ayV. 

Kam.  Hydrophilida  (^Palpioomia).    Swimming  lieetlei  with  ishort  cluhwitu|«<i 
antenna'  and  loiiy  maxillary  palps,  which  ofti-n  project  l)oyond  the  anteiin«.j 
Kee<l  on  plants.      HiidrophHiDi pireiif  I...  IJydrohitu  fH4cipes  I.. 

Knm.    Oytiseide.     .Swimming-beetles,  with  filiform,  ten-   or   eJc'CH-)uiil<'li 
anteiniie  and  broa<l  swimming  legs  be.9et  with  !>eta:  ;  tlie  hind    \<rgi   pmtcctj 
back  and  are  e.tpeoially  adapted   for  swimming  by  the   poKcsion  of  »  cliii 
eoverinL.'uf  ^wimminir-hairs.   Cvl^mlietet/uieiu  L..  Dyt'uciui  map^iiut/o,  Mum.] 

Fam.  Carabido.*  Iliinning  l>ectles,  with  eleven-jointed  lilifi>rm  antcnnx,  ihiwcnI 
fill  pin('('r-.shu|K.'d  mandibleii,  iiud  ruuuin);  Ic^s.     The  elongated  larrK|»^K9j 
four-jointe<l  antt^unii;,  four  to  five  ocelli  on  each  side.  Mcklc-hliapci)  pn')frtioJ 
pincers,  and  fairly  lonj;  rtve-jointed  legs    Uarpalut  <r»<n<  Falir.,  /traelii'* 
i-ripitiitin  K.  (Hombardirkiifer).  Canibu'  aiiriiiu*  1„.  Pnvm'tet  mriaenu  L. 

Fam.  Cieindelids.     ■|'iger-bectle^.     Maudiblcb  \rith  three  teeth.     Tin-  Ur 
form  subterranean   [lasnages.  |K»ise»»  a   broad   head,   very  large  il 

curved  jaw8,  and  bear  on  the  dorsal  surface  of  the  ciglith  scgmem  'ft 

two  homy  hooks  for  attachment   In  the  |iasBa{{e,  at  the  opening  of  which  tta«| 
lie  m  wait  for  pre.v.     CioiMtleta  cunipe-^trit  L.  (tig.  48*). 

Order  9. — HYMENOPTER-*.t 

Iitsectti  mlh  hitimj  and  licking  mouth  parls.j'tuimi  protluma,  j'vt 
membrtuwiu  tciiiga  with  only  few  nervures.     Metwiwrjt/iotit  oon 

The  body  has  hs  a  rule  »n  elongated  form,  and  poNH«te«B  h  fr 

•   Uejean,  "Species  g^neraJ  dys  Oilenplerci.  etc"    Tom  l.-V.,    Pan&.lD 
18H1. 

+  L.  Jurinc. "  Nonvelle  melhode  de  chisaor  le*  Hj-in*nopt4rra  el  1p»  Dipt* 
Tom.  I..  Uynicnoiilerc!..  li^ueva.  If>(i7. 

C.  Uravenliorht.  "  Ichnenniolupa  Kur<>|>iea,"   VratislaviM',    182l».     J,  Th. 
Uat7.cburg,  •■  Die   Ichneumonen  der  KorstinserteiL"    3  Bile.  Berlin.  IMl-H 

U.  Uahlbom.  "  Hymenoptera   Kuru|in:a.  pnui-iput>  Iwrcalin."     Land.  1SI5. 

V.  SieUjId,  "  Beitriige  tur  I'arthcnagtuiesia  der  Arthnijiodcn."  Leipzig.  ISil 
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loveal.ile  head  with  large  facetted  eyes  wlikh  iu  the  male  are 
almost  in  contact,  and  tliree  ocelli  (tig.  486). 

In  the  antennie  a  large  basiil  joint  (siiaft)  and  eleven  to  twelve 
sliorter  joints  ciiu  usually  l>e  distinguished,  or  they  aiv  not  cnxiked, 
in  wliidi  case  they  couHist  of  a  greater  number  of  joints. 

The  month  parts  are  lilting  and  licking  ;  the  upfjer  liji  and  man- 
dihle^  aif  ciin.-triiiaeii  a.s  in  heetlos  and  Oithojileni  ;  the  uiaxillie 
and  lahium,  on  the  other  hn.ud,  ai-e  elongated  and  mlapted  for  licking, 
and  when  at  rest  are  frciquently  lient  round.  In  l>ees  the  tongue 
CHU  lio  ronsidenilily  elongated  and  assume  the  form  of  a  prolioscis; 
iu  this  cH«e  the  loljes  of  the  jaws  also  l>econie  consideraMy  extentled, 
and  form  a  kind  of  sheiith  aitjund  the  tongne.  The  maxillary  ^mlps 
are  nsually  six-jointe«l  ;  the  labial  palps  on  the  other  hand  only 
foiir-jointed.  Imt  the  nunilier  of  joints  may  he  i-edtice<l. 

As  in  the  Lrpiildj/iti'nt  and  I/ijiltra,  the  prothoni.x  is  tirnily  con- 
nected   with    the    following   thoracic   .segments,    iun-siiuich    as   the 


Flu.  VtU.— Ajiis  melUaL-u.    n,  (jnecn.    t.  Wupkcr.    r.  Drone. 


^^n-onottim  at  le»i.st  (e.xcepting  in  the  Km!-  arid  wiMkl-wajsps)  is 
^^Tnse*l  with  the  mesonotiuii,  while  the  rudimeiitiiiv  jirosterniim 
I'emaiuK  fi-eely  inoveahle.  On  llie  niesotlioni.x  twci  small  moveable 
scales  (Irgulfp)  m-e  found  over  the  ba«e  of  the  forewing,  and 
behind  the  scutelkim  the  ant<<rior  jiart  of  the  metanotnm  is 
develope<l  into  tlie  jiosterior  sliield  (  /inx/jiciilel/niii).  Both  jwii-s  of 
wings  are  memhninous,  tninsjiarent,  and  travei-seil  hy  but  few 
nersnires ;  the  anterior  are  considenibly  larger  than  the  jnisterior. 
From  the  outei-  edge  of  the  latter  small  hooks  aiise,  which  ai-e 
att;u"hed  to  the  inferior  edge  of  the  anterior  p'lii-,  thus  Itringing 
about  the  connection  between  the  two  piii-s  of  wings.  Sometimes 
the  wings  are  al»sent  in  one  of  the  two  .sexes,  or  in  tlie  workei-s 
amongst  many  social  //ifineiiopli^ra.  Tlie  legs  jxissess  tive-jointed, 
usually  broiidene<l  tai-suses  with  long  tirst  tarsal  joint.  The  ab- 
domen i-i  rarely  attached  to  the  thorax  by  its  whole  brea<ith  (sessile) ; 
a  rule  the  tirst  or  the  two  tii>t  segments  of  the  .•dwlimien  are 
*rtt)wed  to  a  thin  st^ilk,  bringing  alx>ut  the  conueotinn   with  the 
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thorax  (stalked).  In  the  femiJe  sex  the  alxlotueii  enAa  with 
ovipositor  {tfrehrn),  wViioh  as  ii  rule  is  retiticted,  or  with  a  ymmA 
sjjiiie  (ficiilfim).  The  latter  develops  from  six  wartts  of  which  foa« 
belong  to  the  ventnil  side  of  the  penultimate,  two  to  that  uf  lli 
Hntepenultimiite  seffinent.  Tlie  sting  (tig.  487)  c-oniatitA  of  ilil 
grooved  piece  (sting-groove),  two  piercing  stylets  iind  two  sliiijj 
sheaths  (with  oMong  plates)  and  is  I'OtDtcte*!  when  at  rest, 
gi-ooved  piece,  the  fun-ow  of  wliich  is  dii-ecteil  downwiirdh,  iivift 
fi-om  the  inner  piir  of  warts  of  the  penultimate  segment,  whOe  th 

piercing  stylets  on  tl 
edge  of  the  grooved  pits 
correspond  to  the  |aur  i 
warts  of  the  ante^iennll 
mate  segment.  Fiuidl; 
the  segments  also 
pu't  in  the  formation « 
this  apjNiiiitiis,  iDii 
much  a*  they  fnr 
powerful  i^pporiin 
plates  for  the  st' 
(quatlmtic  plate 
ang\dar  piece). 
The  nervou.s  syiMm 


Tjo.  *B7.— StinitiDK  iippanttn*  of  the  lionry  hn  from 
Die  iloroal  «ilc  (*fl«r  Knui>elin).  GD,  poitim  glAurt  ; 
Oil,  poiBvn  rckorvolr  j  /',  k'loQil;  *'<•.  ktoovoI  piece  witli 
the  iiwo  ■tyleu ;  Ba,  nwnllcn  haup  of  tbc  iirooveii  piece ; 
B,  carved  root  i>f  ibo  Miue ;  I7~  nuKnlnr  piece ;  Si, 
«beaCh  nf  bpine;  f>,  obltinf^  plaio;  Q,  (luailruUc  plAt« ; 
S1b\  Hl^",  the  two  pierciiiff  spines  on  the  ventml  slile 
of  the  CTOOvcd  pieoc. 


(the    ganglia     ol 
meoothonuc   and    me 

thorax    «»v    fn  .  " 
the  anterior 
gunglion ),    and    fivr 
six   ganglia    in    the 
ildinen. 

The  alimentary  canal  fi-e<jtiently  attains  to  a  cnniddernble  leuji 
«spec'ially   in   those    Hyiiienoptera  which  with  a   longer  life  coinli 
tliemselves  with  the  oire  and   nourishment  nf  the  young.     L*r; 
salivary  glauils  are  present.      The  nan-ow  (esophagus  UKiitilly  ililftU 
to  a  suctorial  stomach,  more  nirely  to  a  spheriod  gir.xanl  (ant«). 
consi<lenible    number   of   short   Mnlpigliinn   tnbides  open   into 
intestine  (hindgnt). 
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Tn  ponnection  with  the  greiit  {xiwer  of  flight,  the  longitudinal 
tracheid  trunks  give  rise  to  vesiculiir  dilatations,  of  which  two  at 
tlie  base  of  the  abdomen  are  conspicuous  by  their  »ize. 

'rije  female  sexual  orpins  usujilly  ])ossass  very  numei-ous  (up  to 
one  hun<li'e(l)  many-chiimbei-tsl  e^g  tul>es,  and  a  large  i-eceptuculum 
iminia  with  luvessoiy  glands.  A  special  bursa  copulatrix  is  absent 
(fig.  488).  Wlien  a  sting  is  developed,  tiliform  or  branche<l  poison 
glands  with  a  common  reservoii-  and  a  duct  opening  into  the  sheath 
of  the  sting,  are  present.  In  the  male  sex  the  ducts  of  the  two 
testes  are  oonn6cte<l  with  two  accessory  glands,  while  the  common 
ductus  ejaculat-ofius  end.s  with  a  large  pi-otrusible  penis. 
[  With  the  exception  of  the  leaf-wa.sps  {TeTtthrfdinidm),  and  wood- 
wnsp-s  ( f'roceridiF),  the  larvSB  are  apo<lid  and  live  either  pirasitically 
in  the  Ixxly  of  bisects  (the  Pteroinaiinn:  paas  through  various  larval 
stAges,    undergo- 

Of  \ 


ing     a     kind    of 
h>-permetamor- 

ihosis)      or      in 

ilants,  or  in 
rood  spaces 
(cells)  formed  of 
animal  and  vege- 
table sulistances. 

The  former,   like  ^     

the      cjiterpillars  _  _  ■*  ,  .  ^   '         .     , . 

■^  Flo.  48a— The  viscera  in  the  nbdomen  of  the  ryaeea  bee  (vter 

of  the  butterflies,       a.  Leuclout).    D,  klimentiuy  caQBl ;  K,  recuxm  with  racial  gliinda 
nosaess         besides       *"''  """'   "'■•  <^''*'°  "'  RnnKl"'!   O'.  "vmry;  Be,  raceptaoolnm 

the   six    thoi-acic 


AOmiuis ;  G6,  reservoir  of  poison  Kbmd ;  St,  Btin^. 


legs,  six  to  eight  pairs  of  abdominal  legs,  and  live  free  on  leaves ; 
the  latter  are  grub-like,  find  the  nutritive  material  in  their  cells, 
and  are  in  part  fed  during  their  growth.  Almost  all — e.g.,  the 
lai"vie  of  bees  and  wasps — pojssess  a  small  retractile  hend  with  short 
man<libles  and  pointe<l  pieces  (maxillie  and  hibinui).  The  anus  is  not 
developed,  for  the  stomach  is  blind  iind  does  not  comiuuuicate  with 
the  hindgut,  which  receives  the  MiJpighian  tubules.  Most  of  the 
larvK,  when  they  enter  the  pupal  stage,  spin  an  irregular  invest- 
ment or  a  firmer  cocoon  of  silk-like  tibi-es.  The  larva;  of  lK?ies 
and  wasps  then  soon  undergo  a  moult  (when  they  get  rid  of 
theij-  excrementitious  matters),  and  enter  npon  a  .<rfAge  which 
precedes  that  of  the  pupa  and  is  called  l>y  v.  Sieliold  the  pst^ido- 
h^pa  (fig.  489). 


S8 


694 


INSECTA. 


Sub-order  1. — Terebrantia. 

Fenuile  with  ovipositor  a»  tnbe  or  boi-er  (terehra),  which 
freely  nl  the  end  of  t)ie  aVHlonion,  wnl  Ls  sometimes  retructile. 

Tribe  1.  Phytophaga.      Abtlorneu  sessile.     Tixx-hHnU-r    comi 
of  two  tings.     laxva?  phytophagoiui,  resemble  caterpillnra. 

Fam.  Tenthredinideg  (I^Af.\vu»)W).  Saw-flies.  Abdomen  sesaili?  with  I 
borer.  The  larva'  have  rarely  three,  usxinlly  iiinn  to  eleven  pain  ol 
anil  resemble  caterpillars.  The  femntcsi  lay  tUeir  e^gs  iu  the  epidtnni.  otl 
leaves,  the  puncture  causes  the  flow  of  sap.  which  I  he  egg  imbibes  ami  i  hereby  ^ 
increases  in  size.  The  young  hirvte  feed  ou  leaves,  often  in  early  staga  liv*  ^ 
in  societies,  luid  become  pujjie  in  a  cocoon.  They  are  distinRTuished 
the  caterpillars  by  the  (frcnter  numljcr  of  legs,  iind  Vjy  the  two  ocelli 
the  homy  head.  Lytla  helviit  L.,  TcHthrrdu  (Atkalia')  tjtiHanitn  Fabr, 
8ometime»  on  roses.  Srm/ittu  tent  rworuti  Klir.,  larvsB  on  gooscljcrries. 
/imiiratii  I>. 

Fam.  nrocerid»(  Wood- wasps).  Abdi^men  with  fir^t  U-rgum  s|aii.*nd  uiuallj 

lonp,  freely  ptwjectinp  ovijit 
tor  (ocir-twreT).  The  f  eniaJa 
bore  holes  in  wood  and  liepnot" 
their  cjrgs  tliercin.  The  lame 
bore  further  into  the  Tood 
nud  live  ii  long  time.  Sirtf 
gifiu  I.. 

Fia.  460.—  a,  Ii«rv»  of  the  limnlile  lieo  ulMUl  to  liecumc 
a  papa.    4,  P»ondo-pu]«  (Semi-pupa),    r,  pnpa  (after  donien     stolkwl.       Lanil' 
Packard).  iipodnl      an<l      iiprtxrtotw, 

n.stinlly  living  in  vegetable  cells. 

Fiini.  Cynipida  (Gftll-wnsps).  Thorax  humped.  Alxlnroen  u-^ii:illv  -li 
lalerally  compressed.  The  ovipositor  (egg-borer)  arispcs  on  tlie  vein  i 
is  as  a  rule  rctmcted.  The  females  bore  into  plant  tissueJi  and  oi 
irritation  of  on  acrid  fluid,  an  abnormal  flow  of  vevetable  fluids,  thus  givi: 
rise  to  the  outgrowths  known  as  r/alU.  on  which  either  one  or  *everal  a]i 
larvffi  feed.  Certain  galls,  especially  those  of  the  ■wiki  of  Asia  Minor  {AUfft] 
contain  tannic  acid,  and  are  on  ihiN  account  nse<l  in  iudustry.  In  many  ^leri 
the  females  only  are  at  jjresent  known  ;  the  eggs  in  aich  ca*e«  dexel 
parthenogeneticjilly.  Many  larva?  are  parasitic  in  Diptrm  and  Afk>4t 
CifHipt  ijvfreiu  fotii  L.,  Bhi>ditr»  riuai  L..  produces  the  be<lcguar  of 
Figitn  iriitrlliirit  l.atr..  [)amsitic  on  the  grubs  of  Saroi'j 


Tribe  2.  Gallicola.  Ab-l 


Female  with  fr 
iinil    without  nati 


Tribe  3.  Entomophaga.  Alxlomen  stalked, 
projei'ting  ovipositor  (spine).  Larv»  apodal 
Uhiially  piimsitic  in  the  larvii-  of  other  iiise>cl.s. 

Fani.  Pteromalids.  The  larva-  are  imrasitic  In  all  possible  ioarct  lur*. 
fri'ipii-ntly  in  |jarn»ites  and  puss  ilirough  a  complicated  m<;t«aior{ibu0»,  ex- 
tremely reiuArknble  for  the  sucrevion  of  very  different  staj;<«.  JHrrrmnit 
im/Mtrum  U,  Telroj)  eiavieoTHis  Ijitr..  Plott/gnjitrr  Latr.,  (fl({.  il68). 
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Fam.  Braeoaidat.  They  principally  persecute  caterpillani,  as  well  as  beetle 
larvsB  living  in  dead  wood.  Mirrngatter  gUnumeratwi  L.,  in  caterpillars. 
liracon  impontor  Scop.,  Br.  palpebrator  Ratzbg. 

Fam.  lehneuiioiiida.  Ichneumon  incubitur  L.  /.  (Trogutyiuturiuii  Ratzbg., 
Pimpla  QJipliialtet')  mani/ettator  L.,  Ophioa  Intetu  L. 

Fam.  ETaniadn.     Erania  append igatter  L.,  Foenut  jaculatar  L. 

Sub-order  2. — Aculetfta. 

With  retractile  perforated  sting  and  poison  gland  in  the  female 
i^ex.  Abdomen  always  stalked  ;  the  antennee  of  male  usual  thirteen- 
jointed,  of  the  female  twelve-jointed.  The  larvte  are  apodal  and 
without  anus. 

Fam.  Formieidat*  (Ants)  (fig.  490).  They  live  together  in  commonities,  which 
contain,  besides  the  winged  males  and  females,  a  great  excess  of  small  apterous 
workers  with  stronger  prothorax.  The  latter  are  sometimes  of  two  kinds, 
known  as  soldiers  and  true  workers,  distinguished  by  the  size  of  the  head  and 
jaws.  The  workers  are 
aborted  females  and  re- 
semble the  true  females 
in  possessing  a  poison 
gland,  the  acid  secre- 
tion (formic  acid)  of 
which  they  either  pour 
out  with  the  help  of  the 
sting  or,  in  the  absence 
of  the  latter,  eject  into 
the  wound  made  by  the 
mandibles. 

The  dwellings  of  the 
ants  consist  of  pas.«ages 
and  cavities,  which  are 
placed  in  rotten  wood, 
in  the  earth,  or  in  hill- 
like  hea])8  which  they 
throw  up.  Winter  pro- 
visions are  not  carried 
into  these  s]>accH.  since 

the  ant-wurkers.  which  with  the  queens  alone  survive  the  winter,  fall  into  a 
kind  of  winter  sleep. 

In  the  spring  queens  are  found  in  addition  to  the  workers.  From  the  eggs  of 
the  queens  larvie  proceed,  which  are  carefully  reared  and  protected  by  the 
workers.  The  larvae  in  egg-shaped  cocoons  become  pupse  (ants'  eggs)  and  develop, 
some  of  them  to  workers  and  some  to  winged  sexual  animals,  which  appear  with 
us  sooner  or  later  in  the  course  of  the  summer,  and  copulate  in  the  flight.  After 
copulation  the  males  die,  the  females  lose  their  wings  and  are  carried  back  by 

•  1'.  HuIkt,  •'  Recherches  sur  les  moeurs  des  Fourmis  indigenes."    Geneva, 
1810. 
Latreille.  "  Histoire  naturelle  des  Fourmis."    Paris,  1802. 
A.  Forel,  "  Les  Fourmis  dc  la  .Snisse."    Zurich,  1874. 


Fie.  4S0. — Formita  (Camponottu)  herculanea.  a.  Female.  A,  Male. 
e.  Worker,  i.  Larva  of  tbrmieo  nfa.  e,  pnpa  withi  caee,  so- 
called  ant  egg.   /,  g,  Pnpa  Ubemted  from  the  case. 
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the  workuiti  into  their  dwellings,  to  deposit  their  eggs,  or  found  «ith.| 
the  workers  new  mcicties. 

In  the  tropics  the  ants  undertake  migrations  iu  g^teat  uumbeis,  ami  i 
become  a  regular  plague  when  thej  enter  houses  and  destroy  all  eataU 
Many  foniis  {Oeiitdtmui  species)  are  csiiecially  destroctive  to  young  trca ■ 
plants,  which  they  strip  of  foliaf^.  Some  siiccics.  however,  render  scrrioe  I 
atlackJug  Termites  and  in  destroying  other  |H.Tniciou»  insects,  such  as  the  ci* 
roiicheh,  even  in  Ihc  dwellingit  nf  man.  Many  i<pocie&.  espccialiy  of  the  1^.0 
Kriton,  are  predatory  ants  and  destroy  other  ant  colonies.  Certnin  species  i 
Maid  til  make  war  with  foreign  ant  stAtcs  and  to  carry  off  their  young,  whid 
they  hriiig  up  for  »crvi(.'e  in  their  own  colony  (.Amuxon  colotnes.  F. 
i-v/rtcmt).  J'hc  rehitirely  high  psychical  activity  of  these  insects  is  umUi 
alile  ;  many  instances  of  it  have  l>ccn  disclosed  hy  the  thorough  obwrvntioDH 
1'.  liulicr.  They  Veep  Aphides  as  we  do  milch  cows  :  they  carry  pro\'«io 
into  their  dwellings ;  they  go  oat  to  battle  in  regular  columns,  and  uSer 
their  lives  bravely  for  the  comjnuuity.  In  contrast  to  the  war-like  features ( 
the  alaveslates  are  the  friendly  rcUitions  of  the  ants  to  other  ia-sect*.  which,  I 
Mj/rmrcii/ihila,  live  in  the  ant  ihvellings(iarvic  of  Crtorna,  MyrmteophUa, 
Foniiua  hrri'ulanfa  K..  F.  rvfa  I...  .Vi/rmira  tirrrrnrum  Fabr.,  with  stiug, 

Fum.  Chryiidida  (tjold  wa.s|>8).      The  females  lay  their  ewgs  in  the  ueslsf 
other  Hynieuoptera,  especially  of   the  digging  wasps  (Foitvria),  with  wh 
they  have  on  this  ix-casioii  to  carry  on  war.     Clirytit  ignita  I.. 

Fam.  Kel»TOgjTi^  {Mutilliiltr,  Sei'luidir).     Males  and  femah«  very  i 
in  form,  size  and  structure  of  aiitcunie.     The  females,  with  shortened  wlngfor 
apterous,  live  solitarily  and  lay  their  c^gs  on  other  insects  or  in  bees'  nests,  i 
du    not    ti'iiuble  themselves   with  the  nourishment  and  carv  of  their  yuafl 
ilHtilla   riiivpiu-a   L.,    iSru/ui   (_Scoliada)   livrtormn  Knbr.      The    larva    U« 
parasitically  on  that  of  the  nasicom  beetle. 

Fam.  FoMoria  *  ( l.>igging  wasps).  Solitary  Hymenoptcra.  with  anb 
anteunie  and  elongated  legs;  the  tibia:  are  armed  with  long  spineii, 
females,  which  live  on  honey  and  pollen,  dig  passages  and  tubes  usually  in  i 
and  in  earth  and  in  dry  wood,  and  dc)>05it  at  the  end  of  them  their  ceU».  each^ 
which  contains  an  egg  and  animal  uulrilive  matter  for  the  future  larva. 
(Uemhvx)  carry  flesh  food  daily  to  their  growing  lar\'ie ,  contained  in  open  cell! 
others  place  in  the  closed  cell  as  many  insects  as  the  larva  rojuir 
velopment.  In  the  livst  cases  the  introduced  insects  are  not  ctjm|i 
but  meitily  crippled  by  n  sting  in  the  ventnil  nerve  coni.  The  imlnMin 
species  usually  capture  quite  definite  insects  {aitrr/tillan,  Cmretiliaith 
BuprettuliB.  AerUlite,  etc.),  which  they  oveqwwer  and  paralyse  iu  ■  va 
remarkable  manner.  For  example,  O'Tctri'  hujtrrjiliiHda  attacks  B»pmH 
while  ' '.  Itufimrii  chuosiai  ^Vrimuji  ophtholmicvt.  The  digging  wasp  seiner  the  ha 
of  (he  beetle  with  its  mandibles  and  iusejts  its  sting  into  the  thuracir  gam^li 
between  the  ai'ticulatiou  of  the  protborax.  Sphrj'  JtartyrHitu, 
constructs  three  cells  at  the  end  of  a  horizuutal  passage,  two  iir  thrve  Uic 
long,  attacks  OrylU,  and  li/ihrjc  ulltUei'ta  tyiecie^  of  (Kdipt'da.  At 
luilturrirra  supplies  each  of  its  broinl  cells  with  four  or  five  c«lcrj»ilJ 
ntbvUita  and  aryrHtata  only  with  one  very  Lirge  caterpiUar,  which  i*  pitnty 


*  Kabre,  "  Ubscr\'ationii  sur  les  raieurs  des  ('erceris  ; '    also  "  fitutU* 
i'iuatinct  el  les  metamorphoses  de«  Sphigiens,"  .l(t».  drt  .*•,  fi'at.,  wn.  4,  Tow  1 
ul  VI. 
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L  sting  in  a  median  apodal  body  segment.  PnmpUiu  riafirut  L.,  AmmophUa 
tahuliifa  L.,  Crahro  crihariut  L. 

Fam.  VetpidB '  (WaspsJ.  Body  slcndvr,  smooth.  Anieriur  wings  arc 
narriiw  and  can  l)c  foltie*!  together  longitudinally.  They  are  sometimes  solitary, 
aometimeti  Ihcy  live  in  societies;  in  the  last  case  the  workers  also  are  winged. 
The  females  of  the  solitary  wasps  build  their  bruwi-cells  in  aand  or  on  the 
stalks  of  plants  with  sand  and  clay,  and  fill  them  rarely  with  buney,  Dsually 
with  insects,  especially  caterpillars  and  spiders  ;  they  thus  approach  the  tTattnria 
in  tbcir  mode  of  life.  The  social  wasps  approximate  to  bees  in  the  organization 
of  their  society.  They  construct  their  nests  of  gnawed  wood,  which  they 
manufacture  into  laracllie  resembling  paper,  and  fa.sten  together  into  regularly 
hexagonal  cells.  The  combs,  which  are  corafKiwd  of  a  simple  layer  of  cells 
attached  to  one  another,  are  either  8us|)en<led  freely  on  the  branches  of  trees, 
or  in  holes  in  the  earth  and  in  hollow  trees,  ur  surrounded  by  a  common 
leafy  investment,  on  the  under  surface  of  which  the  holes  for  exit  are  placed. 
In  the  latter  case  the  internal  structure  fre<iuently  eonsista  of  several  horizcm- 
tally-sasiicnded  combs  which  are  placed  one  above  the  other,  like  the  fluors 
of  a  bouse,  and  are  connected  by  buttreasee.  The  oj^enings  of  the  hexagonal 
vertically  placed  cells  look  downwards.  The  foundation  of  each  wasp  nest  is 
laid  in  the  spring  by  a  single  female,  which  was  fertilized  in  the  preceding 
autumn  and  lias  survived  ihe  winter.  She  begets,  in  the  coarse  of  the  spring 
and  summer,  workers,  which  heljj  to  increase  the  size  uf  the  nest  and  to  rear 
the  oSs|iring,  and  of  which  the  lui^er  forma  produced  in  the  summer  not 
rarely  lay  eggs,  wliich  <lcvolop  parthenogenetically  into  males.  The  larvie 
are  fed  with  insects  which  have  been  well  cbewotl,  and  are  transformed  in  a 
delicate  cose  into  pupa:  in  the  closed  cells.  The  perfect  |insects  feed  as  a 
rule  on  sweet  substances  and  honey  juices,  which  they  are  said  (K'casionally  to 
gather  in  (I'vlittet).  Males  and  females  first  appear  in  late  summer  and 
copulate  ill  the  dight  high  up  in  the  nir.  'I'hc  males  soon  die  and  the  whole 
colony  is  generally  dissolved  in  the  autumn  ;  the  fertilizetl  females,  on  the 
other  hand,  survive  the  winter  under  stones  and  moss  in  onler  to  fuund  new 
societies  in  ihe  following  year.  OdgHrrnt  jMrirtttm  L.,  I'ulutr*  ijallica  L. 
Nests  are  without  investment  of  leaves  and  consist  of  a  gtalke<l  comb.  'I'he 
fertilize*!  females,  which  have  8urvive<l  the  winter,  produce  acoorrling  to  v. 
8ieb<jld  at  first  only  female  offspring,  whose  eggs  remain  unferlilize<l  and 
develop  parthenogenetically  into  males.  Vrtjia  crabro  L.,  hornets,  F, 
tnlijariji  L. 

Fam.  Apidsf  (Itces).  'i'ibin  and  tarsus,  es]>ecinlly  of  the  hind  legs,  broadened  ; 
the  first  tarsal  juint,  esjiecially  of  the  binder  legs,  covered  with  hairs  like  a 
brush,  .\nterior  wings  cannot  be  folded  together,  body  hairy.  The  hairs  on 
the  hind  legs  or  on  the  belly  serve  as  a  collecting  apparatus  for  the  pidlen. 
The  labium  and  maxillie  often  reach  a  very  considerable  length.  The  latter 
are  applied  as  a  sheath  to  the  tongue,  and  bear  only  rudimentary  palps.  The 
bees  are  solitary  and  sucial,  and  place  their  nests  in  walls,  under  earth  and  in 
hollow  trees,  and  feed  their  larvse  with  honey  and  pollen,  iiome  do  not  build 
nests,  but  lay  their  eggs  in  the  lilled  cells  of  other  bees  (parasitic  bees). 
Andrriui  cineraria   L.,   Ihuypoila   hirtipet   Fabr.,  JVirmnJa   ruficorntt   Kirb., 


*  H.  de  Saoarrare,  "  Etudes  snr  la  famille  des  Vespidea."    3  vols.    Paris,  1853 
to  1«57. 
+  F.  Hnljer,  "Nouvellei  observations  sur  lea  Abeilles."    2  vols.     Paris,  18H. 
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MegarhUf  {ChalipnAimui)   mvrarw    K«l>r..    Otutia    hitvtmin    L..    Antkopk 
piJipct  Kabr..  XiiJori>pa    riulocra   Kabr.     Woofl-bces   roustrud    perfK^ndicnll 
prisiases  iu  wooii.  ami  (lividi;  Ibrm  liy  trsnsrrerae  wiCIh  into  cclU. 

J}i'mbiu  Ij«tr.     BumbU'  bee.    Bodr  heju-y  ;  liniry  liVe  fur.     Tbc  ne»t« 
usually  (ilflced  in  bules  under  tbe  urth.  und  iurlnileonly  a  Bmall  numlier.  hIic 
fifty  tci  two  bunilrwl,  rarely  a«  manr  u  firo  buniinyl  wnrki-TS,  in  ixiditiuo  tn 
fertilised  feinnlc.      They  du  not  cniistruet  coiuIm,  but  pile  u[i  irregular  i 
of  pollen,  in  which  the  cjgs  are  deposited,  and   which  wrre  as  fool  fur  t 
hatching  grube.      The  latter  eat  out  cellular  caritiea  in  the  |iolieu  iutt»x>aa 
fomi  o\-al  eocoont  which  are  free  but  irrejrularly  placed    by  the  side  of 
another.    Thcnc«ti»i  founded  by  a  single  female  whieh  has  surririxl  the  wiuU 
She  nt  first  alone  has  the  burden  of  rearing  the  brood  ;  ^ulsetinently.  bowo 
this  is  8hAi«d  by  the   hatched    workers   of    different  iiie,   whi«h   themitrlv 
Iny    unfertilized   eg<r).     B.  loj/idtiriHt  Fabr.,   mutenrum   IlL.   UmttrU,   III 
htfpititrHm  111. 

Apii  L..  honey-lwe.  The  worker*  with  lateral  separated  eyes,  with  onc-joinU 
maxiUnry  palps.  Tiic  external  surface  of  the  hinder  tibiie  i«  pre«(e<l  into  it 
form  of  a  pit,  and  i«  irarronnded  liv  simple  marginal  setae  (Ijasket,  fig.  491.  A'l 
the  inner  surface  of  the  tarsus  is  liesct  with  reguU 
rows  of  seta;  (brush,  fig.  491  B,  ft).  The  fi'ruil 
(queen)  with  shorter  tomrue.  longer  abdomen,  will 
out  bnish.  The  mule  (drone),  with  large  eyes  f 
cHintact,  broad  abdomen,  and  short  mouth  [u 
withimt  liasket  and  brush.  A.  mflHHra  I„,  hoo 
lice,  distributed  orrr  Rurofie  and  As^ia  as  far 
Africa. 

Tiie  workers  build  |jerpendicnlar  roml»  iu  bolti 
trees,  or  in  other  protected   places  j  under  tiit 
fluencc  of  hnmau  cultivadon,  iu  suitably  arranj 
littskets  fir  hives.     The  wax  used  in  the  conirtructitl 
of  the  comb  is  produced  in  the  organism  as  a  i 
of  nietaliolism   (honey   l)eiug   the   hinrr""),   ami 
exuded  iu  the   form   of  small  tablet.s  betweco 
se^'nients  of  the  abdomen.     The   comb*  c<in»ist 
two  layers  of  hnrirontal  hexag<inal  cells,  Ibf  baw'i 
wliich  are  fumied  of  three  rhomboidal  piatei. 
smaller  cells  serve  for  the  reception   of   pnin«i<i 
(honey  and  pollen)  and  for  the  brood  of  workers,  the  largvr  for  the  rw-t-th 
of  honey  and  thedrone  bnvKi.     Outside,  at  the  eilge  of  the  comb,  Ibcrt 
at  definite  times  a  small  numlxn-  of  large  irre^Ur  queen  c<dls,  in  which 
female  larvic  are  brought   up.     When  the  cells  are  tilled   witli  boney,  or 
larvtB  contained  iu  them  have  ivached  the  stage  of  pupie.  they  are  clos<ii  a|i. 
small  opening  at  the  b<jttom  of  the  hive  ser^-e^  for  entry  and  exit  ;  all  •itl 
clefts  and  fissures  arc  dosed  with  wax,  and  no  light  enters  the  interior  li 
nest.     In  no  other  Hymenopteran  society  is  the  division  of  labour  so  *trin 
carrie<l  out  as  in  that  of  the  l>e(S.     There  is  only  one  fortiliwsl  queen,  and  c 
alone   lays   the   f?sgs   (she   may  lay   more   thxu  three  thousand  lac^s   (u 
day).    The  working  l)ee8  divide  amongst  themselves  thi-  business  of  roUcclil 
honey,  preparing  wax,  and  feciliug  the  brood,  and  the  completion  of  the  o«rt. 
The  drones,  which  exist  only  at  the  swarming  time,  and  then  otilr  in 
portiouately  small  nnmbers  (two  hundred  to  three  hundred  ia  a  society  ol  t 


Fio.  101.— «,  HiiiU  loR  of  n 
worker  of  Aptt  mrUyUa. 
X,  basket  on  the  tibia; 
S,  enlarged  tanal  Joun 
with  brush  on  tbe  njider 
■ida.  6,  timsh,  more 
■trongly  magoiflad. 
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thousand  to  thirty  thousand  workers)  have  the  privilege  of  enjoying  themselves 
and  of  doing  no  kind  of  work  in  the  hive  ;  they  arise  from  unfertilised  eggs  and 
are  killed  in  the  autumn  (slaughter  of  drones).  The  queen  and  the  workers 
live  through  the  winter  consuming  the  stored-up  provisions,  and  kept  warm  by 
the  heat  produced  by  the  dense  population  of  the  hive.  In  the  first  days  of 
spring  the  queen  deposits  ^gs,  first  in  the  workers'  cells  and  later  in  the  drone 
cells.  Some  royal  cells  are  then  constructed,  and  at  intervals  she  deposits  a 
fertilised  egg  in  each  of  them.  The  larvse  in  the  royal  cells  receive  a  richer 
nourishment  and  royal  food,  and  become  sexually  mature  females  (queens), 
capable  of  copulating.  Before  the  oldest  of  the. young  queens  is  hatched — 
sixteen  days  from  the  deposition  of  the  egg  is  required  for  this,  while  the 
workers  develop  in  twenty  days,  the  drones  in  twenty-four — the  queen-mother 
leaves  the  hive  with  a  part  of  the  inhabitants  (first  swarm).  The  young  queen 
either  kills  all  the  other  royal  larvae  and  remains  in  the  old  hive,  or  if  she  is 
prevented  from  doing  this  by  the  workers,  and  the  population  is  still  large 
enough,  she  also  leaves  the  old  hive  with  a  part  of  the  workers  before  the 
appearance  of  a  second  queen  (second  swarm).  Soon  after  her  metamorphosis 
the  young  queen  makes  her  marriage  flight,  and  returns  after  impregnation  to 
the  hive.  The  queen  is  only  impregnated  once  in  the  course  of  her  life,  which 
lasts  four  or  five  years ;  she  is  henceforward  able  to  produce  male  and  female 
offspring.  If  the  wings  of  the  queen  are  paralysed  and  she  is  unable  to 
copulate,  she  lays  eggs  which  only  give  rise  to  drones  ;  the  same  is  the  case 
with  the  fertilised  queen  in  her  old  age,  when  the  contents  of  the  receptaou. 
lum  seminis  is  exhausted.  Workers  also  may  lay  eggs  which  develop  into 
drones  ;  the  larvte  destined  to  develop  into  workers  may,  if  the  food  supply  at 
any  early  stage  be  abundant,  become  queens.  As  parasites  in  bee-nests  may  be 
mentioned  the  death's  head  moth,  the  wax  moth,  the  larva  of  the  bee-wolf, 
iTriclwde*  apiariui),  and  the  bee-louse  {Braula  eaca). 

The  genera  Melipona  III.,  Trigotia  Jur.,  comprise  small  American  species  of 
bees ;  they  appear,  however,  to  be  less  closely  related  to  the  genus  ApU  than 
has  been  hitherto  believed.  With  regard  to  the  economy  of  the  society,  one  of 
the  most  striking  deviations  they  present,  is  that  the  brood-celLs  are  filled  with 
honey  before  the  deposition  of  the  eggs  and  afterwards  closed,  so  that  the  just- 
hatched  grub  is  provided  beforehand  with  all  the  food  material  (Kr.  Miiller). 
The  workers  also  prepare  large  reservoirs  for  the  storage  of  the  honey.  Among 
the  former  there  are  forms  as  in  Bombu»,  that  do  not  build  nests,  but  lay  their 
eggs  in  the  nests  of  other  species. 
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Aasfliege,  576. 

Aaskaf  er,  690. 

Abdominalia,  446. 
'  Abiogenesis,  96. 

Abraxas,  683. 

Abyla,  250. 

Acalepha,  250. 

Acalyptera,  576. 

Acantnia,  572. 

Acanthobothriam,  327. 

Acaiithocephala,369,343. 

Acanthometra,  191. 

Acarina,  489. 

Accphalocysts,  336. 

AcfasBta,  392. 

Acherontia,  584. 

Acbtheres,  436. 

Acidalia,  583. 

Acineta,  205. 

Acmostomom,  312. 

Aceela,  313. 

Acra^pcda,  233. 

Acridium,  527,  558. 

Aciocladia,  295,  296. 

Acronycta,  583. 

Acrophalli,  347. 

Actiiiaria,  232. 

Actinia,  230,  232. 

Actiuometra,  286,  289. 

Actinophrys,  188. 

ActinosphEBiium,  188. 

Actinotrocha,  389. 

Actinozoa,  22i3. 

Acnleata,  595. 

Acnleus,  592. 

Adambulacral        plates, 
291. 

Adapts,  17.<i. 

Adaptation,  146. 

Adaptions    of   embiyos 
and  larvse,  157. 

Adelo-codonic        gono- 
phore,  236. 

Adenoid  connective  tis- 
sue, 38. 

Admiral,  585. 


Mga,  222,  460. 

.£gineta,  242. 

JEginopsis,  236. 

.fiquorea,  238,  242. 

.£schna,  562. 

.£Bchna  rectal,  fiespira- 
tion  of,  72. 

Agalmidie,  249. 

Agalmopsis,  247,248,249. 

Agassiz,  L,  139. 

Agelena,  504. 

AgUa,  584. 

Agrilus,  589. 

Agrion,  562. 

Agriotes,  589. 

Agrotis,  58,3. 

Alary  muscles.  .533. 

Alaurina  composita,  313. 

Albertns  Magnns,  IH'i. 

Albunea,  478. 

Alcinoe,  266. 

Alciopa,  380. 

Alciopea,  379. 

Alcippe,  446. 

Alcyonaria,  228,  231. 

Alcyonium,  281. 

AldJoTandns,  133. 

Alima,  472. 

AlpheidsB,  476. 

Alternation  of  genera- 
tions, 123. 

Alncita,  682. 

Alula,  672. 

Alydus,  572. 

Ambulacra]  brains,  277. 

Ambulacial  braachiEe, 
277. 

Ambulacra!  feet,  278. 

Ambulacral  GUIs,  276. 

Ambniacral  groove,  291. 

Ambulacral  ossicles,  271, 
290. 

Ambulacral  plates,  271. 

Ambulacral  surface,  269. 

Ambulacral  vascular 
system,  272. 


AUetabola,  547. 
Ammophila,  596. 
Ammothea,  496. 
Amoeba,  186. 
Amoebidium,  209. 
Ampharete,  382. 
Amphibia,  Vascular  8ys> 

tern  of,  66. 
Amphibiotica,  661. 
Amphidiscs,  218. 
Amphihelia,  232. 
Amphileptus,  195,  204. 
Amphinomidse,  374, 
Amphioxus,       Vascular 

system  of,  63. 
Amphipeltis,  451. 
Amphipoda,  451. 
Amphipods,  Parasites  of, 

362. 
Amphiporus,  342,  340. 
Amphistomum,  317. 
Amphitrocha,  378. 
Amphiuia,     278,     279, 

286,  294. 
Anal,  vesicles  of  Chaeti- 

fera,  388. 
Analogy,  62. 
Anapera,  576. 
Anatifa,  445. 
Anceus,  469. 
Anciiitherium,  172. 
Anchorella,  436. 
AncyloBtomnm,  362. 
Andoctonus,  510. 
Andrcua,  597. 
Anelasma,  446. 
Anguilla,  361. 
Anguillula,  357. 
Anilocra,  460. 
Animals  and  plants,  16. 
Anisopoda,  459. 
Annelida,  362. 
Anobium,  589. 
Anochanns,  279. 
Anopla,  342,  339,  341. 
Anoplotermes,  560. 
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^^B               Anoplura,  oA8. 

Arrcnotokia,  543. 

Bnlaninu»,  588. 

^H                Antvdon.  2H9. 

Arfcmin,  419. 

BBianoeli>-?ii»,  299.  34T2. 

^^H                Aiilenna!,  r<4. 

Arterial,  73. 

Balantidium,  2i.*5. 

^^H                 Antcniinl       Gland       of 

Artery,  r>2. 

Balanus.  446. 

^^H                       l'lior,trr«IIMc-n,  4I>1 

Artliropi«l:i,  405. 

Bark  licij,  127.  57tl. 

^^B                Antcnnulnrin.  2(2. 

Arthru.atraiR,  449. 

Barrier  reefs  230. 

^^m                  Antliophoni,  nUS. 

Artirulata,  2H9. 

BathyWua,  1H6. 

^H                 Arilbozoa,  22H,  22*.t,  2.H0. 

AscJvhiphu!.,  564. 

BathVcrinas  289. 

^^H                 AiilUrax.  ii'li. 

AR-allis,  222. 

Bilclla,  495. 

^^M                 Aiitimcre,  2i>. 

Ascaudni.  222. 

Bear-cat«rt)illju»,  5W. 

^H                Aniipatliaim,  232. 

Ascjiris.  347,  346,  351. 

Bed-buj:.  572. 

^^B                Anti|>atlic>.  232. 

Ascclta.  222. 

^^m                Antliiita.  ."^^72. 

AsciUtt.  222. 

Uec-louw,  575.  5M. 

^^m                 Ant  liiiu.  6tS4. 

Ascomorpha.  401. 

Bees,  697. 

^H                 AnUs, 

Asoon,  222. 

Beetle-miti*.  »9.".. 

^^H                  A|j.itboon,  177. 

Axcorlin,  222. 

Bee-«-olf.  59». 

^^m                Aiaturo,  585. 

Asonlmiit.  222. 

Bell  Aniiiialeulc.  194. 

^^B                   A]>li:il.l8|>i(lH:,  177. 

Ascvssn.  222. 

Bembfoc,  596. 

^^H                   .\|iliani))teni.  5*8. 

ArcHus,  460. 

Beris,  577. 

^^H                 Aphides.    Uuprndnction 

Asilus,  576. 

Berue.  264.  266. 

^H                       of,   li>0,  128. 

Aspidrx-hiroln-,  298,  299. 

Bibio.  574.  577. 

^H                 Aphis,  5«!i,  570. 

A^pidiotus,    543,  66». 

BicsHiejfcn.  576. 

^^H                  AphcHlius,  590. 

Anplanehna,  404. 

Biogenrsje,  'Mi. 

^H                  Aphr(xlit<>.  379. 

Astaoua,  477. 

Bi|>alium,  315. 

^^m                  Aphrophom,  571. 

Aiitnsia,  169. 

Bipinnario,  2Hl,2M.  298, 

^^M                 ApionI  platr  of  Annelids, 

Asti-racanthion,         2M5, 

293. 

^H 

29.^. 

Bird  Hpid.r,  .'.04. 

^^M                Apiral  iioleof  Kcliinder- 

Asteriadsc,  293,  279. 

Birgiis  478, 

^^M                                   268. 

Aslerias,  293. 

Bittiwas  .■>«.3. 

^^M                 Apiorriniift,  289. 

Astcridea,  279.  292. 

Bivluni.  269. 

^H                 Apirtcystites,  2S9. 

Asteroidea,  279.  290. 

Blndder-Worm.  3W. 

^^H                  Apion,  588. 

AoLro]).-,  427. 

Blnps,  r>«9. 

^H                  Apif).  598. 

Aslraen.  2J9,  232. 

Bln^toidea.  289. 

^H                  Ajioda.  299.  '<4r.. 

Astiaji'lffi,  232. 

Bln-xtniKire,  114. 

^H                  A|irjleniia,  24ii,  249. 

Amniides,  233. 

Blii.>li  .sphere.  113. 

^^H                    Apni'O'^a.  232. 

A»ipiuyx,  'Mi. 

BUutcntrlc.  236. 

^^H                  ApAfudcM,  15H. 

Astrojieotcu,    275,    292, 

Blastotrochiw,  227,  232. 

^^H                 Apsilns,  401. 

293. 

Blafl.i.  5.!i7. 

^^M                  Aptera,  567. 

Astrophyton,  294. 

I;i                  fer,  i^t". 

^H                  Apus,  419. 

Afjix,  495. 

l:                  :.<*. 

^H                 Arachnida,  484. 

Atciit'hus.  om. 

binuin 

^^H                 Aradus,  572. 

Athnlio.  594. 

Bleml" 

^H                  Araneida,  498. 

AtboryMa,  2I.h,  249. 

Blood-.     ,           .32. 

^H                  Arrr-Ua,  IHli. 

Atolls,  230. 

Bockkhfcr,  50.^. 

^^B                 Arcbfeouixcuti,  451. 

Atrocho,  377. 

Body  cavity,  iVO. 

^^M                  Archiuoptcrjrx,  I7S. 

Attaeit:!,  5X4. 

B<>dy    o«Titv.    prtiaMj. 

^^M                 Arcbc'gosaui-uti,  177. 

Attairenus,  590. 

5t).  116. 

^^B                  Arcbcntcron,  116,  117. 

Atyi'iiiH,  .")04. 

Boiiitiarrlirkur^r,  iwi 

^^M                  Archianuclid.t,  H(!5,  37)!. 

Aiiilitory  oi-gims,  85. 

H.mil.iii.,  59H 

^H                   Arrbit^^tcx,  339. 

Aula«louiuin,  lOU, 

H.>„,l,v.:i,.'.    -,>.-; 

^H                  Arcuiojlii,  381. 

Aurelia,  261. 

r. 

^H                   Arelbum,  249, 

Aurclio  ^everino,  183. 

i;. 

^H                  Ar\:a>,  495. 

Auriculnria.    281,     288, 

Bone,    del.                        ;, 

^H                  Arguing  438. 

283,  29S. 

40,  42. 

^^H                  Artrvnnib,  586. 

Autolytii*,  372,  379. 

p..       ■•       ■■ 

^H                   ArL'j-roncUi,  499,  604. 

Aves.    vaoenlar    H.VHtem 

I- 

^^H                   Arista,  573. 

of,  67. 

!■ 

^^M                 Aristollu.     cksfiification 

. 

1. 

^H 

Bacillus,  206. 

1. 

^^H                  Ari.Kiotlr'8  lantern,  276. 

Kncteria,  206,  557. 

1. 

^»^          Anuadillo,  457,  460. 

Baer,  C,  E.  vou,  137. 

1: 

INDEX. 


6oa 


BostrjL'Iius,  58S, 
Br>tTirioi;e(>hal!d.ffi,  336. 
Bothrioi-ephftlns,       330, 

3;n,  H37,  t.H,  327. 
Botn'tii,  hHi. 
Eatjx,  o32. 
BrBi?hiQU-<(,  iiiwi. 
Rrai-liiolaria,    2S1,    292, 

293. 
Brachionus,  404. 
Brachycera,  575. 
Brachyura,  478. 
Bracon,  695. 
Bmii,  80.  8a. 

Branehellioii,  400. 
Branchi.Ti',  69, 
Branchiae  of  ChsetopodB, 

367. 
Bmnchittbelella,  40*1. 
Branchiopoda,  4  IS. 
Bram'bi(>!it*;(rite,  4li3. 
Branchipas,  41'.). 
Branchiura.  436. 
Branla.  575.  599. 
Briflinpi,  2113. 
Brissii.*,  3'.t7. 
Brittle  stars,  293. 
Broil  tot  heriilse,  173. 
Brown  tulies  of  Gephy- 

rsea,  388. 
Buckelzirpen,  571. 
Budding,  96. 
Buffon,  139. 
Bugs,  571,  567. 
Bnnodcs,  225. 
Buprestis,  589. 
Bursae    of    Ophinridea, 

294. 
Bursaria,  205. 
Butterflies,  579. 

Calandrse,  5S8. 
Calanidse,  4.35. 
Calapjja,  478, 
Calmreous  eat:E»  of  Lnm- 

bricurt,  3;^  3. 
Calearsoiis  sfiouge.^,  222. 
Calcixponsria:,  222. 
Csllidina,  404. 
CfttijruH.  436. 
Oalli.ina«sa.  477. 
Calopteryx,  562. 
Calot«rmes,  559,  561. 
Calycopboridie,  249. 
Calycoioa,  254,  257. 
Calymene,  484. 
Calyptopis,  474. 
Camberwell  beauty,  585. 
Camel-ucck  flies,  563. 
Campanularia,  242. 
CampannlariK,  241. 


L'aiii))odea,  S54. 

Cancer,  478. 

Cantharidas,  588. 

Cantharis,  "lait. 

Csnthocaitiptus,  435. 

Capillary,  63. 

Oapitelln,  37T. 

Oapitellidie,  375. 

CapitibrancbiatOi  381. 

Caprella,  454. 

Capsns,  572. 

Carabuo.  oilO. 

Careh^iam,  205. 

Care  inns.  478. 

Cardo.  523. 

Carididic,  477 

Carina  of  Cirripo4ia,  439. 

Carmariiia.  242 

Carotiil  arteries,  60. 

Carp-lice,  438. 

Cartilage,  39. 

Cartilaife  calciHod,  40. 

CarvwriDHS.  3Slt, 

Car^ofihvllseus.  320.  328, 
3.34,  aSH. 

CaryopbTllia,  232. 

Catenuln,  312.  313. 

OatcrpiUar.  AV.i,  581. 

Cntijr.'nln.  .-.83. 

Catometopa,  478. 

Cecidomyia,  578. 

CecidoraTiB,  reproduc- 
tion of,  11)6.  128,  544. 

Cecrops,  436. 

Cell,  12,  29. 

Cellular  tissue.  37. 

i'CTit™!  plate.  271. 

Centrolecitbal,  112. 

Centrotus,  571. 

Ct'libalic;  branchi's  of 
chft'toji/jflit,  369. 

Oepb»loi)Q(la,.eye  of,  90. 

Cepbalothomx  of  Arth- 
ropoflft,  41)7. 

(.'ophalotrichidie,  343, 

Cephnldlhrix,  343. 

Ctphalijtrwha.  3TS. 

i?ephea,  261 , 

Cerambyx,  firtS. 

Cerai'sponf^,  221. 

Cempas,  453,  455. 

Ccmtiiim,  lf)tl, 

Cercaria,  129.  320. 

Cercaria  macrocerca, 
321. 

Cerceris,  696. 

Cercomonas,  194. 

Ccrcbratulus,  343. 

Ceriaiithus,  225,  232. 

Cestidas,  263. 

Cestoda,  326. 


Cestum,  264.  265,  266. 
Cetricbilus,  i3t>. 
Cetoiiift.  aim.  5!)6. 
Chat  if  em,  389, 
CbiBtogastLT,  386, 
Cb^toy^iiath.i.  3rj7. 
ChjBtonotus,  41)4. 
Chietopoda,  3ts7, 
ChiEtopttniu,  3M2, 
Chsctosoniidic,  357. 
Chalicotlomi,  5t*8. 
Chalinerc,  32U. 
Charvbila^,  259. 
Charybiieidfe,  3.J2.  254, 
Chi.'fMt'-flii'S,  .■>7(i. 
Cheese-mites,  492. 
Cbeimatobia,  583. 
Cheiracanthos,  345. 
Chellcerae,  484. 
Chelifer,511. 
Chelura,  463,  455. 
Cheimes,  543,  670. 
Chermes,     reproductioa 

of,  127. 
Chemetidse.  511. 
Chiaja,  266. 
Chigoe,  57M. 
Chilocorus,  5.S7 
Chi  Moil.  2')5. 
Cbilogiiatha,  52fi. 
Chiloiwiita,  Til 8. 
Chirodota,  299. 
Chironomus,  578. 
Chitin,  79. 

Chlaraydomonast,  194. 
Chloeoii,  561. 
Cbloropbril.  20,  21. 
Clilorpps,  .^76, 
Choudracaulbos,  436. 
Choriiii).  98.  542. 
Chon>id  of  eye,  88. 
Chromulina,  195. 
Chroadroflia,  221. 
Chrysayra,  261, 
Chryijidi'la',  n'Mi. 
Chrysis,  596. 
Chrysomela,  588. 
Chi\a<iinitm.  24li.  250> 
Chrysopa,  564. 
Chrysops,  577. 
Cbrj-susomji,  576. 
Cht'h'.nioa,  Bit. 
(■Iiyli>,  57,  67. 
ijhvlitii'  ventrirli!,  630. 
Chyme,  57. 
Cicada,  567,  571. 
CicadellidiB,  571. 
Cicadidae,  571. 
Cidaridea,  273.  274,  295,. 

296, 
Cidaris,  296. 
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^H 

^1             Ciliary  t>n\y.  9(>. 

CoEticnchym.  227. 

CtaU  roloplinii.  2."i8.        ^H 

^1              OiliaUk  1%. 

Ooennbita",  478. 

Crareah.  477.                ■ 

■               Cilioflrurc-llntn.  1»(!. 

Cfflnurus.  H31.  3.tH, 

Crerettinn.  454.              ^H 

H              <'iml>cx,  51)4. 

Cold.bloodcd.  74. 

Cribrcllum.  499.            ^M 

^1               CinciiuU-lA,  5»0. 

Coleoptera,  585. 

CrirketH.  558.                  ^M 

^H               Ciiieras.  4  45. 

Oilias,  585. 

Crinoiiic-a.  279.  286.       V 

^B               Cirri  of  CliictoiKKb,  3(17. 

Collumbula,  553. 

Crinoids,  2X9.                 S 

^1               Cirri  f>f  Vcnuo*  ^07. 

C«>lloHi,b«:ra,  191. 

Cri.<ilrilug,  385.              ■ 

H               Cirri  |H-<lia,  4.SK. 

ColloEOum,  191. 

CrociiKlilia,  heart  at,  67.  ^M 

^H              CirruM,    am:    uf    Trenia- 

Colpodella,  194. 

Crop,  57,  530.                  ^1 

^1                   trxles.  319. 

Colpoda.  205. 

CVuitUrwa.  411.                ^1 

^H               Cirnis,8huathof  Cestod*. 

Columella  uf  Acliuoiw*, 

Ci'              •  .'u-s  .588.     H 

■ 

228. 

teo.      H 

^H             'Cirrus   of     Treniatodes, 

OolvinlieteH,  590. 

Vi:,      .        >iaeia,.588.  ^H 

■ 

Comatala,  276,  286.  388, 

Cryj.iMrl.i.ilus.  446.       ^H 

H              Cistela,  589. 

289. 

CryMa:iiia'  lOne,  87.     ^H 

■              Citigradn,  504. 

Complcmental  nuUes  of 

Cteniza,  504.                  ^H 

■               Citmnvo^l.  5KS. 

Cirripedia,  442. 

Cten™li«,ns  276, 293.     ■ 

H              Cladoocm,  41». 

Com|i80(.niatliiw,  177, 

Ct'                   261.578.    ^ 

^B              ClMpers  uf  TaniiidiB,  459 
^1               Clatlu-ulina,  188. 

Concho<lLTma,  445. 

).e.  211.     H 

Coiijugatiun,  202. 

^1 

H               CUva.  241. 

Cdnneclive  tissues,  37. 

CQtkoo-.»pittlc  5(1.      ^H 

■               CUviilie.  241. 

CuuiK-hilus.  4it4. 

CuouUanus,  348,  333.    ^H 

H                Cljiriger,  hW\ 

Coiiops,  57l>. 

CucuJlia.  .58.S.                 ^B 

^M               ClavulH:,  372. 

Ciintractilf  Vacuole,  180. 

Cuouniaria.  299.            ^M 

^H               Clavuliu   of  Echinoidea, 

CouToluta.  31I.314.S13. 

Culex,  578.                     ^H 

■                   29(>. 

Convc.liitidM!,  313. 

Culioida;.  574.                ^H 

H                Claw,  34. 

CoptjKKln,  428. 
CopriM.  59U. 

-  578^         ^1 

^B               CU'|iKi(]rinn,  208. 

^H 

^1               Clt.-[»iiiip,  4lK). 

Coral,  mu.«hn>om,  232. 

•  242.           ■ 

^1                 Olerus,  58(1. 

Coral  organ,  231. 

Curvuliiinidais.  S8H.         ^H 

^1               Climate,     influence    of. 

Coral  I'olTi*,.  223. 

( 'uTMiria,  556,                 ^M 

■ 

Coral,  reil.  231. 

Cutaucoas  L'land,  77,    ^U 

^H              Climate  iti   relation    to 

Coi-al  reefs,  230. 

Cuticle,  3.5.                      ^B 

^1                  fauna,  IriO. 

Coral,  star.  232. 

Ctiricr.  135.                    H 

^H               •Cliiooi'anipa,  5K4. 

Coral,  wbitc  2iJ2. 

Cuvieria.  297.                 ^| 

^H               ClitolliiH  uf   LumbricuR, 

Coralliuni,  231. 

Cuvier.    organsi    nt,    i^H 

H                    »2».  -AH-: 

Cordylopbora,  241. 

Holothuroidca,  298,  ^H 

^M               riothcK  motb,  582. 

Corcthra,  578. 

C^yamu-v  454.                 ^H 

^H                Clubiona.  5i>4. 

CorcuR.  572. 

(^oiK-a.  2«il.                   ^B 

^B               ClyiMNistor.  297. 

Corixa,  572. 

Cvutbopfavlbilie,  23ti.    ^1 

^M              Clyi>ca«tridie,  295,  296. 

Cornell,  87. 

Cv  '                         H 

^1              ■Clvi'caf'lridea,  2t>S,  278. 

Coniularia,  231. 

^H 

■ 

Cornuipira,  187. 
CorouulB,  446. 

■2H6.          H 

■              Clythia,  242. 

"K.  19<l.       H 

^1               Clythra,  588. 

Coruphium,  454. 

H 

^H                Cuctliocampu,  584, 

Correlation,  51. 

Cyuiuih.ut,  4tUI.             ^H 

^M               Cnidarin,  222. 

Corrodentia,  569. 

CyuipiUic,  59*.             ^H 

^B                Cnidublast,  212,  223. 

Corj'ocuR.  436. 

C\iiips,  594.                    ^M 

^1                Cniilix'il.  22:<. 

Curytlalis.  503. 

CypbopbthMlmuB.  SU6.  ^H 

■               Cocddo.',  f,r,l,  -,66. 

(Jorymorpba,  240,  241. 
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H                Cooi'idia,  209. 

Conns,  584. 

^H 
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Costa,  628. 

of    CiiM 

^m                Coccus,  5ti9. 

Costa  of  Actinojoa,  228. 
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^1               Cocrygeal  glands,  77. 

Coxa.  526. 

Cvrt<<tiift,  174.               ^M 

^H               'Coc'hiueul.  569. 

Gnibro,  597. 
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^1                Cockcbaft-r.  59U. 

Crab-spideni,  504. 

^H. 

H                Cockroncb,  .'■.57. 
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^M 
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Dactylocalyx,  221. 

Dactylozooids,  246. 

Daphnia,  422. 

Darwin,  145. 

Dasychira,  583. 

Dasypoda,  597. 

Death-head  moth,  684. 

Death-watch,  589. 

Dccapoda,  475. 

Deep  sea  Fauna,  163. 

De  Geer,  133. 

Degradation,  158. 

Delamination,  114. 

Demodex,  492. 

Dendrochirotse,  299. 

Dendrocoela,  311,  314. 

Dendrocoelum,  315. 

Dendrometridffi,  583. 

Dcndrophyllia,  233. 

Dentine,  41. 

Dermal  branchiie,  277. 

Dermanyssus,  495. 

Dennatobia,  576. 

Dermatodectes,  492. 

Dermatophili,  492 

Dermatoptera,  566 

Dermestes,  590 

Derostomea,  312. 

Derostomum,  313. 

Descent,  evidence  in  fa- 
vour of  theory  of,  151. 

Desmoscolecidae,  367. 

Desor,  Type  of,  341 

Deutoplasm,  111. 

Development,  107. 

Diaptomus,  436. 

Diastylis,  470. 

DilBugia,  186. 

Digenous  reproduction, 
97. 

Digging- wasps,  596. 

Digonopora,  316. 

Diloba,  583. 

Dimorphism,  &ct8  of,  in 
favour  of  theory  of 
descent  162,  sexual 
101,  163. 

Dinoceras,  173. 

Dinosauridie,  175. 

Dioecious,  100. 

Dioiatra,  374,  379. 

Diphyes,  246,  260. 

Dipiophysa,  250. 

Diplozuon,  324. 

Dipneumones,  604. 

Diporpa,  326. 

Diptera,  572. 

Direct  development,  120. 

Directive  Ixxly,  109. 

Discoidal  segmentation, 
112. 


Disooidea;,  260. 

Discomedusa,  260,  261. 

Discophora  (Ccelente- 
rate),  269,  394. 

Discophora,  sec  Hiru- 
dinea. 

Dissepimenta  of  Actin- 
ozoa,  228. 

Dissepiments  of  Anne- 
lida, 364. 

Distomea,  318,  321. 

Distomum,  317,  322. 

Distomum  cygnoides, 
321. 

Distomum  heematobium, 
321. 

Dochmius,  350,  352. 

Dolichopus,  676. 

Dolomedes,  502,  504. 

Doritis,  685. 

Dorsibranchiata,  370, 379 

Dorylaimus,  367. 

Dracnnculns,  356. 

Dragon-fly.  562. 

Dromia,  478. 

Drone,  598. 

Ductus  Botalli,  66, 

Dung-aies,  576. 

Duodenum,  57. 

Dynamena,  242. 

Dysdera,  499. 

Dytiscus,  590. 

Earwigs,  656. 

Ecdvsis  of   Arthropoda, 

40"7. 
Echinaster,  273,  293. 
Echineibothrium,      338, 

326. 
Echiniscus,  497. 
Echinococcifer,  335. 
Echinococcns,  386,  331, 

833. 
Echinocncumis,  297. 
Echinocyamus,  297. 
Echinodcridffi,  404. 
Echinodennata,  266. 
Echinoidea,  294. 
Echinometra,  296,  296. 
Echinorhynchus,  362. 
Echinus,  296. 
Echiuroidea,  389. 
EchiuruB,  387,  .392. 
Ecitou.  596. 
Ectoderm,  213,  49,  116. 
Ectolecithal,  112. 
Ectolithia,  189. 
Ectoplasm,  54. 
Eisvogel,  685. 
Elastic  fibres,  39. 
Elater,  689. 


Eleutheroblasteae,  240. 

EUipeocephalus,  484. 

Elytron,  369,  528. 

Embolic  invagination, 
114. 

Embryology  in  relation 
to  descent  theory,  167. 

Embryonicdevelopment, 
119. 

Empidse,  676. 

Enchelidium,  367. 

Enchytrseus,  384. 

Encrinus,  289. 

Endoderm,  116.  49,  213. 

Endogenous  cell  forma- 
tion, 30,  31. 

Endoroychidai,  688. 

Endoplasm,  54. 

End-organs,  47. 

Endoskeleton,  79. 

Endothelium,  34. 

EnopU,  339,  342. 

Enoplus,  357. 

Enterocoele,  116. 

Enteroplea,  404. 

Enteropneusta,  299. 

Entoconcha,  299. 

Entolithia,  ISA. 

Entomophaga,  594. 

Entomostraca,  416. 

Entoniscus,  469,  460. 

Entozoft,  308. 

Epeira,  605. 

Ephemera,  631,  662. 

EphemeridK.  661. 

Ephialtes,  695. 

Ephippigera,  558. 

Ephryopeis,  261. 

Ephyra,  125,  253,  251. 

Ephyra-Medusse,  269. 

Epiblast,  114. 

Epibole,  115. 

Epimernm,  626. 

Epipharynx,  624. 

Epistemnm,  526. 

Epistom  of  Decapoda, 
476. 

Epistylis,  205. 

Epithelium,  34. 

Equitidee,  686. 

Equus,phy  logeny  of,  1 72. 

Erebia.  585. 

Erichthus,  472. 

Eristalis,  676. 

Errantia,  378. 

Erythneus,  495. 

Eschscholtzia,  266. 

Estherin,  419. 

Eucephah),  677. 

Euclmris,  266. 

Euchlanis,  404, 
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Gonliidse,  366. 
Gordius,  316.  345,  .S48, 

367. 
Gorgoiiia,  231. 
Gft^ijnklas,  224. 
liniiji-wgrma,  iiS2. 
(JmmiB,  2 IT.  222. 
QraphoUtba.  6(13. 
Gratistis.  479. 
Qrasshoptie™,  557. 
GrugariiiifUe,  207. 
(ircssoria,  557. 
Gromia,  187. 
Gryllotalpa,  527,  668. 
Gryllus.  668. 
Gymnocopa,  380. 
(.tymiifiphtlialinnta,  238. 
Gya»t;ophomg,  322. 
Gymtor,  314. 
GyrotlartylUB,  325. 
Gyrgjieltis,  438. 

HsBmnttJixita.  577. 
Simisiatoz'ia,  356. 
Hementaria.  400. 
HseiBijglobin,  33. 
Hsemoijsiii.  Wl 
Hairstreak      butterflies, 

685. 
HaliL-hontlrise,  321. 
Halicryptus,  394. 
Halisarcn,  221. 
Hiilistemma,  249. 
Halla,  379. 
Hal'jcypria,  427. 
Haloraitra,  232. 
Hnkisauriclii",    75. 
H  ft)  teres,  52.S,  672. 
Halteria,  205. 
Haltica,  .588. 
Hamm,  133 
Harliiiuin.  683. 
Hiir[)!ictiena,  4S5 
Hmpnliis,  590. 
Harpyia,  584. 
Harvey,  133, 
Haustelluic,  573. 
HaTersiuii  tffirmis,  41. 
Hawk-moth.s,  584. 
Heiirt     of     vertebrata, 

Evolution  of,  61. 
Heal,  auiiiial.  73, 
Heliaster  2M3. 
Hi'liipsphtera,  I'M. 
Heligznn,  187 
HemerobidiE.  5*i4. 
lletiieri}tjiii>..  ri61. 
HemiaHpiM.  480. 
Heniiaster.  279. 
Hemielytra,  571. 
Hemiptei-a,  6(i6.  571. 


If  enoiie.  676. 

Hepato-^iancrcHS,  6i). 

Hepioina,  584. 

Herbert   on  fertility  of 
Hyliriils,  U2. 

Humlity,  Its. 

Hertiiaphri"litl<!iij  99,in- 
COmplL'te,  KM). 

HenuelJa,  382. 

Hermit  Crabs,  478. 

Hcsperia.  68">. 

Hesperoniis,  176, 

Hessian  fly,  578. 

Hctenxiera,  937. 

Hft(.T«iL'amift,  I'l'io,  667. 

Heterogamy,    127,    1.30, 
131,  54.3. 

Heterogamy,        incom- 
plete, 131. 

Heterogyna,  696. 

Heteromera,  588. 

Heteronereis,  373,  379. 

Heterotricha,  205. 

HijLi-^''lifvki.-n,  557. 

HexiictiiiellitljE,  220. 

Hcxafiinia,  231. 

Ht^xiij^ifiilft,  321. 

Hibernation,  74. 

Hilaire,  E.  O.  St.,  137. 
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Hippa,  478. 

flipg>archin,  585. 

HijijmrioD,  172. 

Hippidic,  477. 

Hippoboui-a,  575. 

Hipjj'xiidie,  249. 

HirodiDca,  394. 

Hirado,  400. 

Hispa,  688. 

Hister,  590. 

Histolysis,  550. 

History  of  Zof.logy,  131. 

Holoblaetit',  111. 

Holopiis,  289, 

Hrsiothuria,  299. 

Holotlmriana,  279. 

Holothuroidea,  297. 

Hi)lntritba,  3(14. 

Holiflii'Kua,  577. 

Homanis,  477. 

Homology,  52. 

Homiiptom,  .570. 

Homotlienoio.  74. 

Honey-dew,  569. 

Hoof,  34. 

Hormiphura,  266. 

Hormiscinm,  206. 

Hornets,  597. 

Homy  six)ngOB.  221. 


Horsc.louse,  675. 

House-fly,  576. 
Homble  bee.  3US. 
HutnmtSfliegen,  676. 
Humming'btrtl      Hawk- 

moth,  584. 
Ryalouenia,  223. 
Hy«lo(9pQii^a,  221, 
Hybrid  142,  Fertility  of, 

143, 
Hydatid  plague,  336. 
HvdatiHu,  404 
Hydra,  240. 
HyiraetiTift.  195. 
Hydmctinlfl,  241. 
Hydra  nth,  244. 
Hyilrcibiuii,  590, 
HydroCTJialliie,  240. 
Hyilrocore*,  571, 
HyrtromedusiE.  236, 
Hyilronietm,  572. 
HyiiropliiluH,  590, 
HydropliiliiB,      develop 

ment  of,  545. 
Hydrophyllia,  246. 
Hydropayclie,  563. 
HydrLw*ouia.  244, 
Hydrotheca.  241,  234. 
Hydroxt.a,  233, 
Hyioliius,  588. 
Hymeiiocaris,  448. 
Hymenoptero,  590. 
Hyjteritt,  455. 
HyperidaB.  456. 
Hyjierinn,  456. 
Hyp  omietamorp  hosis, 

S48,  588. 
Hypoblast,  114, 
Hypotlerain,  576. 
Hv]  KidrTmiii  Artbi'opoda, 

4U*. 
Hypodermis  of  Vermes, 
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Hypodermis    or  Ncma- 

toda,  345. 
Hypopharyux,  524. 
HyjKipus.  493. 
Hypotricha,  206. 
Hystrix,  379. 
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Ichnenmon.  595 
lobthydina,  404. 
IcbthyobdclUdse.  399. 
Ichthvornithcs,  175. 
Idotea,  460. 
Idyo|i8is,  266. 
Ilia,  478. 
Ileum,  57. 
Imapiiial  disc,  550. 
Imago,  548. 
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Lini-iiii.  343.          ^             ^^ 

268. 

Uccli,  394. 
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I>eptidip.  577. 
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JosKUs,  671. 
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Macula  acustica,  86. 
Madrepora,  233. 
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Meckclia,  343. 
Medusa  aurita,  261. 
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Meloe,  589 

Melolontha,  590. 
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Monads,  194. 

Monas,  194,  206. 

Monera,  182. 

Mongrels,  Sterility  of, 
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Monocaolns,  240. 

Monoceli8,3Il,  313. 
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Mygale,  504. 
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Myrmica,  596. 
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Natural  selection,  146. 
Natural  system,  150. 
Naucoris,  527,  572. 
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^^^^^^^^^^^^^^^^^^^1 

INDEX. 

^^B 

^H               PriouuH,  588. 

Rbopalonemm.  243.          ^H 

^^m              l>rc>c.ru$tes,  690. 

PygocephaliU",  4159. 

Rhyoooiihila,  566.             ^^H 

^^B             J>R>K>'>tti>*nfoe8todB,3^6- 

p'vraUn.  582. 

Rhyncliociclo.  339.            ^H 

^H               rrole);,  64  ». 

l'yrophoni.s  589, 

Rhynchodeainiiiy      Ui,  ^| 

^^H              Pronuclcuti,  1U9. 

I'yrrhoajris,  672. 

316.                                       1 

^^H                ProKOiiunisrug,  4ul. 

Khynchota,  86fi.                        1 

^^H                Prosorucliiiiug,  340,  341. 

QoadnJiittfra,  478. 

Bhyucobdclliibv,  399.               1 

^H               I'rostntc,  99. 

Ril*..  528.                              ^J 

^H              Prostomum,3n, 312,314. 

liadiiil  vessels,  272. 

Riudcrbrenuc.  577.           ^^| 

^^1                IVotAstcr,  2<.I2. 

lUuliaU.  266. 

Root-lieu.  127.                    ^H 

^^H              I'mtcrooaurus,  177. 

Radii  of  Kchitiudcrmata, 

Roaol  nm  Roaeuhof.  133.  ^^ 

^^H              I'rothorax,  j25. 

2(>7. 

K(iR<?tt«   of   Ecliinuideo.         1 

^^H              rriitodrilus,  3iiS,  37.>. 

Uadiolnria,  189. 

296.                                         1 

^^H               I'rotolcpat-,  4  i<'>. 

ISadius.  528. 

RootcUum    of    (.'vHtuiia,          1 

^^H              Protoplasm,  12. 

Kami     cuuimunicantcs, 

327.                                  ^J 

^^1               ProtutrsKrhcaU.  SI 2. 

82. 

Rotalia,  187.                      ^H 

^^H              ProUizoii,  182. 

Kauatra,  634,  672. 

Rotatoria.  400.                  ^H 

^H               Protuln,  372,  382. 

Ilandwaiuien,  672. 

Rotifer.  404.                      ^H 

^^H              I'rorcntriculus,  530. 

Ilapocia,  379. 

Rotifcra,  400.                    ^H 

^^m                  PliulapllUN  n'JII. 

Kaphidia.  563. 

Rotula,  297.                         ^1 

^^H                IV'iuloiinvicvllic,  208. 

Raubfliegen.  57t>. 

Roux.  Breedinf?  e»(>Krt<        J 

^^1                Pwuaophjlliilie,  338. 

Kay,  134. 

ment«.  142:                     ^J 

^^1                I'Kudopodia,  54.  186. 

Reaumur,  133. 

KiickeTutcbwimincT.  57X  ^H 

^^H                Pwudopupu,  u'.l3. 

Rercptaculuni     acminiK, 

Rudimentary       tiigao*,  ^^M 

^^H               Ptteiidoacorpionidua.olO. 

99. 

HeaainK  of,  IM.          ^H 
Bugoiw,  280.                     ^H 

^^H                PBcuilo!$|x)nv,  194. 

Rodi,  133. 

^^H               Pscudotctrairicrm  588. 

Rcdia,  129.  319. 

Biitimeyi-r,  on  origin  ut  ^^m 

^^H              PseuiUira,  5li. 

Bcduvidw,  572. 

ox.  143.                                1 

^^m              PaeuiliiTaiicH  of  Ajihidcs, 

RceenlircmiH;,  577. 

^^M 

^H 

Rciiilla,  231. 

t^abKUsi.  382.                      ^H 

^^H                Psoous,  55!) . 

Reptiles,   Vascular  sys- 

Rnlxillitria. 382.                   ^M 

^H              Vto\w,  299. 

tem  of,  lili. 

finc-bcaRTs,  582.                       1 

^^H               PgorospvmiK,  2U8. 

Respiration,  Renewal  of 

Socrlifir'imvixa,  206.                 1 

^H               Psvfliv.  543.  584. 

external  moliura,  72, 

8u--              ■     i'^1.                         1 

^^H                 l'i<vchi<la<,  581. 

Respiratory  or>:uii»,  07. 

Sn,                    ;72. 379.              J 

^^1                Pay chocln,  578. 

Rc»piratt)ry  trees,  277. 

^J 

^^1                PHylln. 

Reticular        coiiiiectirp 

^H 

^H                PsyllidK,  .57U. 

tissue,  38. 

^M 

^^H              Payllodei,  57(i. 

Reticularia.  186, 

t^ogitlu.  Mil.                        ^^H 

^^1              Ptcnutcr  niilitaris,  384. 

Retina,  87. 

.Sa^Htt:)!  pl.'iMi- of  Ctcn» ^^1 

^^1               Pterud.iclylida.-,  175. 

Rctiiuicula  (if  Aenulliij- 

^^M 

^^H               Ptcn>tnnlui<,  Mi. 

ccpliala,  359. 

tiu\              i.fift.       ^H 

^^H                HtcmiinrryK,  .'iCl. 

Rctinulse,  88. 

^H 

^^1               P(cr«p)i'>nis,  582. 

RlmlKlitis,  344.  349,357. 

Hii                                   ^H 

^^1                PU-ruptus.  495. 

RhaUlix-a-Im  311,  313. 

^^^1 

^H               Ptcrjrgutus,  480. 

RhalMlonetnn,  341!.  350. 

Saltigrada:.  5U4.               ^H 

^^1               Ptinii.s,  589. 

KhiilxUjfjoina,  455. 

Sappiiiriua,  VM.               ^^H 

^^B               Itychoptcrn,  578. 

Khachis,  483. 

S.'irt:<^lr,  19,  23.                 ^H 

^H                I*ulcx, 

llhipidius,  589. 

.Kan'olrnima,  4.V               ^^H 

^^1                 Pupu,  5 IK. 

Khi|iid'ijriirgia.  231. 

'  :it:u,  57A.              ^^^1 

^^H                Pupai'<tiirclata,53l,574. 

Kliipiplioru.'-.  ■>89. 

579.               ^H 

^^H                Papu  lilicm,  551. 

Rhiz<i<.'C}>hivla,  I4)>. 

Hi2.               ^H 

^^H                 Pupa  olitccto,  551,  574, 

Ubi7.i«  rinus,  289. 

1 

^H 

Rlii/..)}:lypli»>.,  492. 

.1.  289.               J 

^H                Pupa  of  Cirriwdw,  443. 

Khir.iipiMln,  18), 

^^fl 

^H                Pupil,  88. 

Ulii7.<ist'<ima,  261, 

^H 

^^H                Pupipara,  542,  575, 

llhizimUiuie:!.',  201. 

Sa                                             ^1 

^^H                 Pur)  lie,  vinual,  87. 

Kliijiostoiiiidif.  252. 

8<'                     '«&                         J 

^^B                 P.viddium,  484. 

Khiiotro}.'"*.  590. 

8<  '                     ,-.Jti ■ 

^^H                I'ygiiliuin  nf  i  'oloopWrn, 

RhodJtcH.  .594. 

^^H 

^^^^^ 

Rhop.-iliKirii,  582.  584. 

ft 

^M 
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Scenopius,  576. 
Schaeffer,  133. 
SchAttenmiicke,  678. 
SchclUng,  137. 
Schildliiuse,  568. 
•Sohildwanzoii,  572. 
.Schistocephaliu,  338. 
Schizaster,  297. 
Schkomycetes,  206. 
Schizoucura,  570. 
Schizopoda,  472. 
Scbizoprora,    311,    313, 

314. 
Suhizostomum,  312. 
Schnabelfliegen,  563. 
Schnaken,  678. 
Scbncpfen&iCKen,  677. 
Schreitwatizen,  672. 
Schwarmer,  584. 
■Schwebfliegen,  676. 
Sciam,  57g. 
Sciophila,  678. 
Sclater    on    Zoc^ogical 

Pronaces,  160. 
^!cIcrode^mite8,  231. 
SclcroBtomnm,  350,  362. 
Sclerotic,  88. 
Scolex,  333. 
Scolia,  596. 
Scolopendra,  619. 
Scopula,  582. 
Scorpion,  510. 
Scorpionidea,  608. 
Kcorpion-spiders,  506." 
Scuta  of  Cirripedia,  439. 
Scutellidse,  297. 
Scutellum,  526. 
Scutigera,  618,  520. 
Scyllarus,  477. 
Scypbistoma,    126,    233 

255. 
8cypbomeda«B,  231 ,  236, 

250. 
■Sea  feathers,  231. 
Sea  long-worm,  343. 
.Soii-urchins,  294 ;  Bagu- 

lar,  296. 
Sebaceous  glanda,  77. 
Secretory  orgmns,  74. 
Scdentaria,  380. 
Sedimentary    forma- 
tions : — 

Uonditions  of  forma- 
tion of,  166,  169. 

Determination  of  age 
of,  164. 

Table  of,  165. 
Segment,  27. 
Segmental  orgaiia,76,306. 
Segmentation     cavity, 

UH. 


Segmentation  of  ovum, 
110. 

Selection,  Artificial,  145. 

.Selection,  Sexu^  162. 

Sem»o8tomeiB,  260. 

Semen,  97. 

Semitn  of  Kchinoidea  , 
296. 

Sense  organs,  83. 

Septa  of  Actinozoo,  228. 

Sergestes,  477. 

Scricterio,  632. 

Serolis,  460. 

Serpola,  382. 

Sertnlaria,  242. 

Sesia,  684. 

Sex,  104. 

Sexual  reprodoction,  97. 

Sexual  selection,  162. 

Sbeeptick,  576. 

Shell  glands,  76. 

Shell  glands,  Criutaoea, 
410. 

Sialis,  663. 

Sida,  422. 

Silkworm.  684. 

Silpha,  690. 

Simonea,  492. 

Simple  eye,  89. 

Simulia,  677. 

Singcicaden,  571. 

Singmilcke,  578. 

Siphonopbora,  236, 243. 

Siphonoetomata,,  436. 

Sipuncoloidca,  392. 

Sipunculus,  394. 

Siiex,  694. 

Siriella,  474. 

Sitaris,  589. 

Skeleton,  78. 

Smellers    of   Toniiidc, 
459. 

Smerinthos,  684. 

Smyntbnnis,  654. 

Solaster,  293. 

Solenobia,  643,  681,  582. 

Solifugae,  611. 

Solpoga,  612. 

Spanish  fly,  689. 

Spatongidae,  296,  279, 
295. 

Spatangideo,  273.  297. 

Spatangns,  297. 

Species,  140. 

Species  : — Cnvier'g  defi- 
nition <d,  149;  Muta- 
bility of,  144  ;  Origin 
of,  144,  149. 

Species,  BeUtion   of  to 
genera,  149. 

S{)eckkafer,  690. 


Sperm,  97. 

Spermatophores,  99. 

Spermatoxoon,  33,  97. 

Spbseridia,  272. 

Sphaerodorom,  372, 379. 

Spiueroma,  460. 

Sphffironectes  250. 

Sphseronites,  289. 

SpluBrophyra,  206. 

Sphterotherium,  521. 

Sphaerozoum,  191. 

Sphterolaria,  366. 

Sphez,  552,  696. 

Sphingiua,  684. 

Sphinx,  684. 

Sphyrocephalns,  311. 

Spicnla  of  Nematoda, 
847. 

Spiders,  498. 

Spindle-tree  moth.  382. 

Spinning  glands,  632. 

Spinning  mite,  496. 

Spio,  382. 

SpiodesB,  381. 

Spio-Nephthys    larvm, 
378. 

SpionidK,  381. 

Spiralzooids,  241. 

Spirillum,  206. 

Spirochteta,  206. 

Spirographis,  382. 

Spiroptera,  348. 

Spirorbis,  372,  382. 

Spirogtomum,  205. 

Sponges  calcoreouR,  222 ; 
glassy,  221;  gelatin- 
ous, 221;  homy,  222; 
levantine,  221. 

Sponge  type,  210. 

Spougia,  221. 

Spongiadn,  221. 

Spongiario,  214. 

Spoi^illa,  218,  221. 

Spontaneous  generation, 
10. 

Spores,  97. 

Spores  128;  of  Trcmo- 
toda,  129. 

SpoTocyst,  129,  319. 

Spring-flies  664. 

Spriugkiifer,  689. 

Spring-tailu,  664. 

Spumella,  196. 

Squama,  672. 

SquilU,  472. 

Stag-beetle,  689. 

Staphylinus,  69a 

Star  coral,  232. 

Star-fishes,  290,  292. 

Stanride,  280. 

Staurocepholus,  879. 


^^^n^^^^^^^ 

INDEX. 

^H 

^H            S(cchllic(re,  57ri. 

8yeorli»4,  222. 

^^^^^^H 

^m          StcUcriileii.  293. 

Sycnlmis.  222. 

1  i-ttacoraila.  3a^^^^^^^M 

^^1           Steminata    Arthropuda, 

Sycywia,  2H). 

Tctronychiig.  495.            ^^H 
TelraphyUid«e.  .H38.          ■■ 

^H 

SylliH.  379. 

^V           SlvnorhvnchiiN  ^8. 

Syllis  prolifera,  373. 

Tctraplaata,  194.               ^H 

^H            Stcntur.  -iOa. 

SymbioU-B.  492. 

TetrapnemnonOR,  301. 

^^K            SlophaiKvcrriH,  101. 

Svmpaihetic,  82. 

TctrarhynchoB,  3S7. 39S. 

^^H            Stc|iluiiii«|ili.i'ru,  1'.I5. 

SyiuipU.   278,  283.  298, 

Tetrafctemma,  341.  342. 

^^B           Stcrilu  i«jly|i,  237. 

29'J. 

TeltiKonia,  571.                  ^J 

^H           KUTiium,  52&. 

Synaptidif,  283, 

Tcttli,  558                         ^H 

^H           Sti^nnatA.  71. 

Syrphue,  676. 

I'extulana,  187.                ^H 

^H           Stilutt6ittreu,  576. 

."System.  Heaniiii;  of,  15tt. 

Tlialamopbora,  186.         ^H 

^H            >^tinK,  .592. 

System  of  .VriRtotle.  132. 

Thalasscma,  392.              ^H 

^H            Stipcti,  623. 

„          Cuviur.  136. 

TliolaaiicoUa,  1 9a            ^M 

^H          8toniatopodH.  47u. 

„         Linnieus,  135. 

ThalaKJOB.  477.                ^H 

^^H          Stomobrecbiuiu      mini- 

„          Pliny,  132. 

Thainnocnidia,  241.         ^^M 

^H              bile,  239. 

„          Prenent    day. 

Thu^  of  ActinoBuajSiS.    ^H 

^^H           Stomoxys,  57t<, 

13H. 

Thccla,  S85.                        ^M 

^H          Htonc  caiial,  272. 

ThccodouUdO!,  175.          ^^1 

^^M           StrfttiomyB,  577. 

Tahanidic,  R74.  576. 

Tliclypboiiii.s  0U8.            ^H 

^^H           Strcnstptvra,  rir>5. 
^^H           Slriuiilautiu.  571. 

TabuniiK,  577. 

Tben-va,  '.76.                      ^H 

Tac-hina,  676. 

Tbcriditiiii,  ntfi.  SOi.         ^H 

^H           Strobilit,  12.'i,  I'.'in,  2.v;. 

Taihiiui:,  541. 

TberiodontA,  17.>.              ^H 

^H           Stron)0'liJ».  3-17. 

Taetilc  corpuscles.  47. 

Tliumisug,  504.                   ^H 

^^H           Stronj^yloccntruttiK,  296. 

Ta-nia,  327,  330, 331,335. 

I'horacostraca.  460.          ^H 

^^H            Strongylus,  352. 

Tumia  cucnmerina,  329. 

Thread  celU,  212.             ^H 

^^m          Stni^glc  for  existence, 

Tieniadu,  .334. 

Thread wi:irui<s  344.           ^^H 

^H 

Talitrus,  455. 

Thri)iti,  559.                         ^H 

^H           HtutKkiiicr,  r.90. 

Tanais,  4.')9. 

Thyiumopodii,  476.            ^^M 

^H            Stylariii,  386. 

Tanystumntn  676. 

ThyrauoKOOD,  316.             ^^H 

^H            Styliii>tt-rir}ie,  241. 

Tiiiiiflieifen,  576. 

Thysanum,  553.                 ^^H 

^H           8tyloclius,  316. 

Tapetenmotlc,  582. 

Tibia.  .'i26.                         ^H 

^H           Ktylonychia.  2()<>. 

Ta|H'wnrm   326. 

Ticks,  493.                         ^H 

^^H            StylopK,  5(i6. 

I'amutuln,  504. 

Tigcr-buetlea,  690.           ^H 

^H           .'^iiherites,  229. 

Tardiprado,  496. 

TiUodxntiH,  1 73.               ^H 

^^1           Siib^nuiitn)  pitN  of  Dis- 

Tarsus,  627. 

Tillollieriiini.  173.           ^^1 

^^H               Rtipbcira,  26(1. 

Taste,  92. 

nnui.  242.                 ^^^M 

^^B            Siilimcntum,  r>24. 

Tegeiiaria,  604. 

^^^H 

^^B            iJuhcEsophngrcal      piiic- 
^H               Hod,  82. 

THgmina,  528. 

^^^^B 

TeguUe,  .591. 

TipulariK.                 ^^^^H 

^H            Sub-spccieo,  141. 

TulenH,  594. 

I'isBiie.  29.                  ^^^^B 

^H           Succegaion     uf    idmilHr 

Tel  can,  larva  nf,  549. 

To.li                    %90.         ^H 

^m              type^ni. 

Telei)luirus,  .".89. 

^M 

^H           Snctom,  206,  446. 

TelepsaTOH,  382. 

Torniiriii                                 ^^B 

^H           Summrr  cf;g«  nf    Phyl- 

Tclepsavufi-  Chieloiilonis 

Turtoisesbull      tmUia^dy^H 

^^H                lopiulu,  118. 

larva,  378. 

^H 

^^H            Hummir  eggs  of   Buti- 

Tololecithal,  112. 

Tortriz.  5S3.                      ^H 

^H 

Telotrocha,  378. 

Touch,  »i.                        ^H 

^^1            Sunimer  eggs  of  Turbel- 

Telsou  of  IboracostTftOB 

Tuxodon,  170.                   ^^B 

^H                Inria.  313. 

461. 

Toxu<lonlia,  173,               ^H 

^^1            Siipra-i-esnpluigt-nl  giiug- 

Teiicbrio,  589. 

Tl>^                     296.           ^H 

^H 

Teuthredo.  694. 

^H 

^H            Swallow  tail,  S85. 

Teratology.  51. 

^H 

^^B             Swuiumi.'nl.iiii,  133. 

TerelwUft,  382. 

'  242.^H 

^^B            Sweat  glanil)-,  77. 

Ten'bra,  692. 

Tro'  '  .                      J43.    ^H 

^H             Syeiilli!),  222. 

Terebmntia,  594. 

Tracbys,  M\».                    ^H 

^^1            Bycandrn,  222. 

Terga  of  Cirripodi*,  439. 

TranAvorao      plane      i>f^^| 

^H            Svtxtta,  22U. 

Termes,  ."iei. 

ri                                    ^M 

^H^           SycilUi,  222. 

TcrmitcK,  559. 

Tn<|                  :  r.  504.     ,^B 

^^■^_   Sycau,  221,  222. 

Tcrricolic,  386. 

Treiiin ^H 

^^^H  Sycunidos.  212,  217,  222. 

ToBsclata.  289.              * 

1    TlV)MUiK,  2V9.                     ^H 
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Tria-nophorus,  338. 
Trichina,  347,  348,  353, 

354,  355. 
Trichocephalos,  348, 353. 
Trichodectes,  336,  568. 
Trichodes,  589,  599. 
Triohodina,  205. 
Trichomonas,  194. 
Trichoptcra,  564. 
Trichosomam,  353. 
Triohotrachelidaa,  353. 
Trigonia,  699. 
Trilol)ita,  483. 
Triphaena,  583. 
Tristomum    cocciaeum, 

323 
Trivium,  269. 
Trochal  disc  of  Rotifers, 

401. 
Trochanter,  626. 
TrocU!.s,  559. 
Trojfus,  595. 
Tronibidiura,  495. 
Trypeta,  r>7t>. 
TulM'-spinMerit,  504 
Tubicinella,  446. 
Tiibicola;,  380. 
Tiibicolaria,  401,  404. 
Tubifex.  385. 
Tabl|X)ra.  231. 
Tubitc'lio.  504. 
Tnbularia.  239.  241. 
Tubularige.  2(1. 
Tiirbellaria,  .309. 
Turbinolia,  232. 
Tylenchas  357. 
Type,  52. 

Ty|)C  of  Desor,  341. 
Typhis,  456. 

Typhlosole  of   Lambri- 

cus,  383. 
Tyrojflyphus,  492. 
Umbellula,  231. 
Upi)cr  lip  of  ('nistacea, 

412. 
Ur«K;erida!.  594. 
Un)podi  of  Crevcttina, 

454. 
Uterine  bcilof  Acantho- 

ei-ph.tla,  361. 


Uterus,  99. 

Vagina,  99. 
Vampyrella,  194. 
Vanessa.  663,  686. 
Variability,  146. 
Varieties,  141. 
Variety,  Relation  of  to 

species,  149. 
Vascular  pore  of  Nema- 

t«la,  346. 
Vascular  system,  69. 
Vas  deferens,  99. 
Vein,  62. 
Veins,  628. 
Velarium,  2.52. 
Velarium    of     Scypho- 

meduss,  252. 
Velella,  246,  260. 
VelcIUds,  214. 
Velia,  572. 
Venous,  73. 
Ventral  plate,  545. 
Ventriculitidte,  221. 
Veretillum,  231. 
Vermes,  302. 
Vesiculfle  seminalcs.  99. 
Vesiculata,  239,  241. 
Vcspa,  597. 
VexiUum,  266. 
Vibrio.  206. 
Vine-lice,  570. 
Vinegar  worm,  357. 
Visceral  nerves,  82. 
Vitellarinm   of   Turbel- 

laria,  312. 
Vocal  organs,  662. 
VoItox,  195. 
Vortex,  313. 
Vortex  Tiridis,  310. 
Vortieella,  205. 

Waflcnfliegen,  577. 
Wallace,  147. 
Warm-bloodc<l,  74. 
Wasps,  597. 
Wasserlaufer,  572. 
Water-bugs,  571. 
Watcr-flcas,  4 19. 
Watcrmites,  495. 
Water-scorpions,  572. 


Water-spiders,  504. 
Water-vaacolar    system, 

308,  311. 
Water-vascular     vessels 

of  Platyhelminthes  75, 
Wax  glands,  532. 
Weevils,  588. 
Weizenfliege,  576. 
White  ants,  659. 
White  butterflies,  685. 
White  coral,  232. 
Wickler,  682. 
Wings,  628. 
WinkeUpinne,  504. 
Winter  eggs  of  Rotifera, 

403. 
Winter  eggs  of  Torbel- 

laria,  313. 
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